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Initial Sensitivity Evaluation of Operational Parameters and Storage Capacities
Using the CALFED Post-Processing Operations Model

Combined Environmental -- Agricultural and Urban Water Supply Evaluation

OVERVIEW OF EVALUATION

Introduction
The CALFED Post-Processing Operations Model was developed to evaluate the sensitivity of
various operational parameters and physical capacities of potential new storage and conveyance
facilities in terms of 1) environmental water supply benefits, 2) agricultural and urban water
supply benefits, and 3) combined environmental -- agricultural and urban water supply benefits.
This relatively simplistic model is suitable for analyzing the effects of various storage operation
rules and goals, identifying critical external constraints, and providing initial refinement to the
ranges of storage and conveyance capacities to be considered in future studies. Information
developed from this evaluation will be used to guide more detailed studies, including DWRSIM
system operation studies.

The spreadsheet-based CALFED Post-Processing Operations Model uses the results of
DWRSIM benchmark operation studies as input. New sto.rage and conveyance facility
operations are simulated assuming user-defined environmental demands and surplus water
supplies, unused conveyance facility capacities, and unmet agricultural and urban demands as
defined by DWRSIM. While this model provides useful initial information, two important
limitations must be considered when interpreting model results. First, the CALFED Post-
Processing Operation Model simulations do not integrate the operations of new storage and
conveyance components with operation of existing facilities. Second, the model simulations do
not dynamically model Delta processes. While these simulations are constrained by surplus
Delta water, Delta export limitations, and available physical capacities as defined by DWRSIM,
specific in-Delta flows and salinities are not evaluated. Future DWRSIM and Delta
hydrodynamic modeling studies must be used to assess the impacts of both of these limitations.

In the evaluation documented in this report, the CALFED Post-Processing Operations Model was
used to assess the sensitivity of various operational parameters and storage capacities of
upstream of Delta off-stream and south of Delta off-aqueduct storage facilities. In preceding
studies, separate evaluations were conducted to identify potential benefits from new storage
facilities dedicated to environmental water supply and agricultural and urban water supply. In
each of these evaluations, sets of parameters were developed which collectively bracket ranges of
potential operations, operations two operational goals implementedThese conditionsinclude
under various external conditions. These goals termed Normal Period Supply Operation and Dry
period Supply Operation in this report, are generally exclusive.

The Normal Period Supply Operation goal is to maximize supplies over normal hydrologic
periods. This goal is achieved by imposing no storage carryover requirement and releasing water
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from storage whenever unmet demand exists. Storage operations that target maximum supplies
over normal long-term hydrologic periods usually result in limited supplies available in extended
dry periods. The Dry Period Supply Operation goal is to maximize supplies in the driest years of
normal hydrologic sequences. This goal is achieved by reducing the amount of water delivered
from storage in any given year through methods such as imposing carryover requirements.
Storage operations that target maximum supplies in extended dry periods generally have a high
cost in terms of reduced supplies over normal long-term hydrologic periods.

As described in previous evaluations, a minimum Delta outflow target of 12,000 cfs for the
months of January through June is used as a surrogate for environmental water demands for these
evaluations. Because the CALFED spreadsheet operations model uses a monthly time step, more
detailed evaluation of flows is not possible with this tool. However, in actual operation, the
volume of water released from storage towards the 12,000 cfs target might be used to create
higher pulses of flow for shorter durations, if this operation was deemed more environmentally
beneficial.

Using this target minimum Delta outflow surrogate approach, environmental water supply
benefits are measured in this evaluation by averaging monthly flow rates up to a maximum of
12,000 cfs for January through June of each water year. Any flow above 12,000 cfs is not
counted as part of the environmental water supply benefits. Note that the result of this
computation is significantly lower than and not comparable to total average annual Delta
outflow. For simplicity in this evaluation, this average of January through June Delta outflows
up to 12,000 cfs is termed Environmental Delta Outflow.

As also described in previous evaluations, south of Delta SWP and CVP demands are used as a
surrogate for agricultural and urban water supply demands in these evaluations. In actual
practice, agricultural and urban water supply benefits from new storage might be designated to a
subset of SWP and CVP users, or other upstream of Delta or south of Delta agricultural and
urban water users.

Five statistical measures of water supply benefits for either environmental purposes or
agricultural and urban purposes are included in this analysis, as described in Table NC-2. Water
supply benefits, as described by these five statistical measures, were estimated for each of the
sets of operation conditions over the range of maximum storage volumes and facilities allocation
factors. While this information should not be considered def’mitive, this evaluation illustrates the
potential for combined environmental -- agricultural and urban water supply benefits from
upstream of Delta storage facilities and the effects of various external conditions and operational
goals. The information developed in this evaluation may be used to provide an initial refinement
of the range of storage volumes of potential upstream of Delta storage facilities which should be
considered in future studies.

In this evaluation, a facilities allocation factor was used to direct the portion of storage volume
and storage inflow/outflow conveyance capacity dedicated to environmental water supply and
agricultural and urban water supply purposes. This facilities allocation factor was defined such
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that 0 percent indicates that all facilities are dedicated to environmental purposes while
1 O0 percent indicates that all facilities are dedicated to agricultural and urban water supply
purposes. Any factor ranging to percent may be input model. Under thefrom0 100 into the
assumptions built into the model, the storage volume for either purpose (total volume multiplied
by the appropriate facilities allocation factor) always remains dedicated to that purpose alone.
On the other hand, the storage inflow/outflow conveyance capacity for either purpose is only
dedicated as a first priority to that purpose. If storage conveyance capacity dedicated to either
environmental or agricultural and urban purposes is not in use, it may be employed for the other
purpose.

Two parallel evaluations were completed for combined environmental -- agricultural and urban
water supply benefits with 1) upstream of Delta off-stream storage, and 2) south of Delta off-
aqueduct storage. Results of these evaluations are summarized in this section. More detailed
results are provided in the following sections of this report

Upstream of Delta off-Stream Storage
Sixteen distinct operation conditions were considered in this evaluation of upstream of Delta off-
stream storage. These operation conditions include combinations of operational goals and
extemal conditions that affect potential water supply benefits. Environmental storage or
agricultural and urban storage could be operated for either Normal Period Supply or Dry Period
Supply, resulting in four possible combinations of operational goals. Four external conditions,
related to the capacity of Banks Pumping Plant and Sacramento River flow event target, were
also considered under each combination of operational goals, for a total of sixteen operation
conditions. These operation conditions are summarized in Table NC-1.

Input from agency representatives and stakeholders suggested a need to maintain certain
geomorphological processes along the upper un-leveed portion of the Sacramento River and
biological processes in the river and Bay-Delta system as a condition to operating any new
storage facilities. Under this scenario, a minimum peak flow would be required to occur in the
river each year or defined number of years before flows would be diverted to storage. In this
evaluation, a combination of one-ffaonth and two-month volumes are used to represent this
minimum flow event target. In addition, for this evaluation the Sacramento River flow event
target is implemented annually. Beginning each October the flow target (in addition to existing

navigation requirements) mustmet prior to diverting any to storage.in-streamand/or be flows
Once the target is met, only existing in-stream and/or navigationrequirements must be met prior
to diverting subsequent flows to storage during the water year. An initial sensitivity evaluation
indicates the Sacramento River flow event target has negligible effects on storage operations
below a flow event target measured by a one-month volume of 500 tar. Between flow event
targets measured by one-month volumes of 500 and 1,000 taf, storage operations are sensitive to
the target level. Minimal additional effects are seen with targets measured by one-month
volumes above 1,000 taf up to the maximum flow event target evaluated, measured by a one-
month volume of 1,500 taf. For this evaluation, the Sacramento River flow event target is
considered an external condition to be applied in conjunction with existing or expanded Banks
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Pumping Plant capacity. To bracket the potential effects in storage operations, low and high
Sacramento River flow event targets were selected for evaluation.

The four external conditions considered in this evaluation address the capacity of Banks
Pumping Plant, the State Water Project Delta pumping facility, and Sacramento River flow event
targets. In order to evaluate the affect on potential storage operations for meeting south of Delta
unmet agriculture and urban demands, two pumping plant capacities and two Sacramento fiver
flow event target under both normal period supply and dry period supply operational goals were
considered in this evaluation. Under the first external condition, existing Banks Pumping Plant
capacity is assumed in conjunction with a low Sacramento River flow event target. Under the
second extemal condition, an expanded Banks Pumping Plant capacity, as proposed in the
Department of Water Resources South Delta Improvements Plan, is assumed in conjunction with
a low Sacramento River flow event target. Under the third external condition, existing Banks
Pumping Plant capacity is assumed in conjunction with a high Sacramento River flow event
target. Under the fourth external condition, an expanded Banks Pumping Plant capacity is
assumed in conjunction with a high Sacramento River flow event target.

Water supply benefits were evaluated for storage capacities ranging from 100 tar to 5.0 mar for
each of the sixteen operation conditions described above. The results of this evaluation may be
used to appraise relative relationships between benefits and storage capacities; absolute
quantities of benefits must be confirmed by more detailed modeling.

South of Delta Off-Aqueduct Storage
Eight distinct operation conditions were considered in this evaluation of south of Delta off-
aqueduct storage. These operation conditions include combinations of operational goals and
external conditions that affect potential water supply benefits. Environmental storage or
agricultural and urban storage could be operated for either Normal Period Supply or Dry Period
Supply, resulting in four possible combinations of operational goals. Two extemal conditions,
related to the capacity of Banks Pumping Plant, were also considered under each combination of
operational goals, for a total of eight operation conditions. These operation conditions are
summarized in Table SC-1.

The two external conditions considered in this evaluation address the capacity of Banks Pumping
Plant, the State Water Project Delta pumping facility. Capacity of Banks Pumping Plant
significantly affects storage operations under both the normal period supply and the dry period
supply operational goals considered in this evaluation. Under the first external condition,
existing Banks Pumping Plant capacity is assumed. Under the second extemal condition, an
expanded Banks Pumping Plant capacity, as proposed in the Department of Water Resources
South Delta Improvements Plan, is assumed.

Water supply benefits were evaluated for storage capacities ranging from 100 taf to 3.0 maf for
each of the eight operation conditions described above. The results of this evaluation may be
used to appraise relative relationships between benefits and storage capacities; absolute
quantities of benefits must be confirmed by more detailed modeling.

D--006570



Preliminary Draft .. May 12, 1997 Page 5

Summary Results
Results of the two parallel evaluations for combined environmental water supply benefits and
agricultural and urban water supply benefits with 1) upstream of Delta off-stream storage, and
2) south of Delta off-aqueduct storage are summarized in this section. More detailed results are
provided in the following sections of this report.

Upstream of Della Off-Stream Stor~_e
This evaluation provides initial quantitative information on combined environmental --
agricultural and urban water supply benefits that might be provided by new upstream of Delta
storage facilities. Additional information on water quality benefits, interaction between
environmental water supply and agricultural and urban water supply opportunities, interactions
with other potential new storage and conveyance facilities, costs of new storage facilities, and
environmental acceptability of new storage facilities must all be considered in a further
refinement of upstream of Delta water storage facilities. Potential water supply benefits under
each of the sixteen operation conditions were evaluated separately. Some general observations
drawn from this study are summarized here. More detailed results are described in the following
sections of this report.

1. With both environmental storage and agricultural and urban storage operated for Normal
Period Supply goals, cumulative benefits (as measured by 71-Year Average Annual
Environmental Delta Outflow and 71-Year Average Annual Agricultural and Urban Water
Supply) continue to increase as maximum storage volume increases. Although incremental
benefits decrease towards the upper end of the range of maximum storage volumes evaluated,
under his type of operation there is no obvious limit to effective storage volume below
5.0 maf. For any given maximum storage volume, relative benefits to environmental water
supply and agricultural and urban water supply are roughly proportional to the facilities
allocation factor. For example, with expanded Banks Pumping Plant capacity, low
Sacramento River flow event target and a 2.0 maf maximum storage volume, as the facilities
allocation factor is increased through the range of 0, 25, 50, 75, and 100 percent, 71-Year
Average Annual Environmental Delta Outflow decreases through the range of 441, 357, 278,
183, and 0 taf and 71-Year Average Annual Agricultural and Urban Water Supply increases
through the range of-26, 146, 236, 291, and 333 tar. While caution should be taken in
directly comparing relative benefits to environmental water supply and agricultural and urban
water supply, 71-Year annual deliveries from storage to either type of use increase inaverage
fairly linear relationship with the share of storage dedicated to that type of use.

As displayed in Figure 1, near maximum combined benefits with existing Banks Pumping
Plant capacity and low Sacramento River flow event target are attained with a maximum
storage volume of 5.0 mafand a facilities allocation factor of 50 percent. Under these
conditions, a net increase to 71-Year Average Annual Environmental Delta Outflow of
398 tar and a net increase to 71-Year Average Annual Agricultural and Urban Water Supply
of 266 taf are achieved. In comparison, maximum combined benefits with expanded Banks
Pumping Plant capacity and low Sacramento River flow event target are similar in magnitude
but shifted slightly towards agricultural and urban water supply. As shown in Figure 2, with
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a maximum storage volume of 5.0 mar and a facilities allocation factor of 50 percent, a net           I~
increase to 71-Year Average Annual Environmental Delta Outflow of 359 tar and a net
increase to 71-Year Average Annual Agricultural and Urban Water Supply of 314 tar are            ~
achieved.

2. With both environmental storage and agricultural and urban storage operated for Dry Period
Supply goals, cumulative benefits (as measured by Minimum Annual Environmental Delta
Outflow and Minimum Annual Agricultural and Urban Water Supply) continue to increase as
maximum storage volume increases up to about 4.0 maf. The maximum potential Minimum
Annual Environmental Delta Outflow decreases dramatically as the facilities allocation factor
is increased from 25 to 50 percent. No benefits to Minimum Annual Environmental Delta
Outflow are achieved with a facilities allocation factor of 75 percent. Compared to Minimum
Annual Environmental Delta Outflow, Minimum Annual Agricultural and Urban Water
Supply Benefits increase more linearly with maximum storage volume. Incremental benefits
increase throughout the range of maximum storage volumes evaluated for facilities allocation
factors of 25 through 100 percent. However, benefits decrease dramatically as the facilities
allocation factor is decreased from 100 to 75 percent between 2.0 and 4.0 maf maximum
storage volume. For example, with expanded Banks Pumping Plant capacity, low
Sacramento River flow event target, and a facilities allocation factor of 0 percent, Minimum
Annual Environmental Delta Outflow reaches a maximum with a maximum storage volume
of 2.5 maf. With facilities allocation factors of 100 percent, Minimum Annual Agricultural
and Urban Water Supply Benefits reaches a maximum with a storage volumes of 3.0 mar.
Relative increases in both Minimum Annual Environmental Delta Outflow and Minimum
Annual Agricultural and Urban Water Supply Benefits with greater storage volumes are
achieved only with facilities allocation factors of 25 and 50 percent. With these facilities
allocation factors, combined Minimum Annual benefits increase throughout the range of
maximum storage volumes evaluated.

As displayed in Figure 3, near maximum combined benefits with existing Banks Pumping
Plant capacity and low Sacramento River flow event target are attained with a maximum
storage volume of 5.0 maf and a facilities allocation factor of 50 percent. Under these
conditions, a net increase to Minimum Annual Environmental Delta Outflow of 636 taf and a
net increase to Minimum Annual Agricultural and Urban Water Supply of 600 tar are
achieved. In comparison, Figure 4 displays reduced maximum combined benefits with
expanded Banks Pumping Plant capacity and low Sacramento River flow event target, a
maximum storage volume of 5.0 mar and a facilities allocation factor of 50 percent. Under
these conditions, a net increase to Minimum Annual Environmental Delta Outflow of 326 taf
and a net increase to Minimum Annual Agricultural and Urban Water Supply of 502 tar are
achieved.

3. With environmental storage operated for Normal Period Supply and agricultural and urban
storage operated for Dry Period Supply, cumulative benefits for 71-Year Average Annual
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water Supply
Benefits continue to increase as maximum storage volume increases up to about 5.0 mar. For
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any given maximum storage volume, relative benefits to environmental water supply and
agricultural and urban water supply are roughly proportional to the facilities allocation factor.
For example, with expanded Banks Pumping Plant capacity, low Sacramento River flow
event target, and a 2.0 mar maximum storage volume, as the facilities allocation factor is
increased through the range of 0, 25, 50, 75, and 100 percent, 71-Year Average Annual
Environmental Delta Outflow decreases through the range of 448, 372, 301,203, and 0 tar
and Minimum Annual Agricultural and Urban Water Supply increases through the range of

and 454 tar. While caution should be taken in relative0,94, 376,416, directly comparing
benefits to environmental water supply and agricultural and urban water supply, average
annual deliveries from storage to either type of use increase in fairly linear relationship with
the share of storage dedicated to that type of use.

As displayed in Figure 5, with a maximum storage volume of 5.0 maf and a facilities
allocation factor of 50 percent, a net increase to 71-Year Average Annual Environmental
Delta Outflow of 414 taf and a net increase to Minimum Annual Agricultural and Urban
Water Supply of 174 taf are attained. With a facilities allocation factor of 75 percent
maximum combined benefits to 71-Year Environmental Delta Outflow and Minimum
Annual Agricultural and Urban Water Supply Benefits are attained with a maximum storage
volume of 5.0 maf. Under these conditions, a net increase to 71 -Year Average Annual
Environmental Delta Outflow of 304 tar and a net increase to Minimum Annual Agricultural
and Urban Water Supply of 851 tar are achieved. Maximum combined 71-year average
annual benefits with existing Banks Pumping Plant capacity and low Sacramento River flow
event target are attained with a maximum storage volume of 5.0 mar and a facilities
allocation factor of 25 percen,. Under these conditions, a net increase to 71-Year Average
Annual Environmental Delta Outflow of 509 taf and net increase to 71-YearAverage
Annual Agricultural and Urban Water Supply of 118 tar are achieved. Maximum net
increase to Minimum Annual Agricultural and Urban Water Supply of 912 taf is achieved
with a facilities allocation factor of 100 percent, while Minimum Annual Environmental
Delta Outflow is unaffected. In comparison, Figure 6 displays average annual benefits with
expanded Banks Pumping Plant capacity and low Sacramento River flow event target. With
a facilities allocation factor of 75 percent maximum combined benefits to 71-Year
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water Supply
Benefits are attained with a maximum storage volume of 5.0 maf. Under these conditions, a
net increase to 71-Year Average Annual Environmental Delta Outflow of 260 tar and a net
increase to Minimum Annual Agricultural and Urban Water Supply of 861 tar are achieved.
Maximum combined 71-year average annual benefits with expanded Banks Pumping Plant
capacity and low Sacramento River flow event target are attained with a maximum storage
volume of 5.0 mar and a facilities allocation factor of 25 percent. Under these conditions, a
net increase to 71-Year Average Annual Environmental Delta Outflow of 467 tar and a net
increase to 71-Year Average Annual Agricultural and Urban Water Supply of 85 taf are
achieved. Maximum net increase to Minimum Annual Agricultural and Urban Water Supply
of 881 taf are achieved with a facilities allocation factor of 100 percent, while Minimum
Annual Environmental Delta Outflow is unaffected.

II
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4. With environmental storage operated for Dry Period Supply and agricultural and urban
storage operated for Normal Period Supply, cumulative benefits for 71-Year Average Annual
Agricultural and Urban Water Supply Benefits and Minimum Annual Environmental Delta
Outflow continue to increase as maximum storage volume increases up to about 5.0 maf. For
any given maximum storage volume, relative 71-Year average annual benefits to
environmental water supply and agricultural and urban water supply are roughly proportional
to the facilities allocation factor. For example, with expanded Banks Pumping Plant
capacity, low Sacramento River flow event target, and a 2.0 mar maximnm storage volume,
as the facilities allocation factor is increased through the range of 0, 25, 50, 75, and
100 percent, Minimum Annual Environmental Delta Outflow decreases through the range of
526, 289, 122, 0, and 0 tafand 71-Year Average Annual Agricultural and Urban Water
Supply increases through the range of 3, 191,266, 320, and 363 taf. While caution should
be taken in directly comparing relative benefits to environmental water supply and
agricultural and urban water supply, average annual deliveries from storage to either type of
use increase in fairly linear relationship with the share of storage dedicated to that type of
use.

As displayed in Figure 7, with a maximum storage volume of 5.0 maf and a facilities
allocation factor of 50 percent, a net increase to Minimum Annual Environmental Delta
Outflow of 181 tar and a net increase to 71-Year Average Annual Agricultural and Urban
Water Supply of 275 tar are attained. With a facilities allocation factor of 25 percent
maximum combined benefits to Minimum Annual Environmental Delta Outflow and
71-Year Average Annual Agricultural and Urban Water Supply Benefits are attained with a
maximum storage volume of 5.0 maf. Under these conditions, a net increase to Minimum
Annual Environmental Delta Outflow of 821 taf and a net increase to 71-Year Average
Annual Agricultural and Urban Water Supply of 198 taf are achieved. Maximum combined
71-year average annual benefits with existing Banks Pumping Plant capacity and low
Sacramento River flow event target are attained with a maximum storage volume of 5.0 maf
and a facilities allocation factor of 75 percent. Under these conditions, a net increase to
71-Year Average Annual Environmental Delta Outflow of 142 tafand a net increase to
71-Year Average Annual Agricultural and Urban Water Supply of 324 tar are achieved.
Similarly, a net increase to Minimum Annual Environmental Delta Outflow of 821 tar and
net increase to Minimum Annual Agricultural and Urban Water Supply of 375 tar are
achieved with a facilities allocation factor of 25 percent and a maximum storage volume of
3.5 mar. In comparison, Figure 8 displays average annual benefits with expanded Banks
Pumping Plant capacity and low Sacramento River flow event target. With a facilities
allocation factor of 25 percent maximum combined benefits to Minimum Annual
Environmental Delta Outflow and 71-Year Average Annual Agricultural and Urban Water
Supply Benefits are attained with a maximum storage volume of 5.0 maf. Under these
conditions, a net increase to Minimum Annual Environmental Delta Outflow of 821 taf and a
net increase to 71-Year Average Annual Agricultural and Urban Water Supply of 235 taf are
achieved. Maximum combined 71-year average annual benefits with expanded Banks
Pumping Plant capacity and low Sacramento River flow event target are attained with a
maximum storage volume of 5.0 maf and a facilities allocation factor of 75 percent. Under
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these conditions, a net increase to 71-Year Average Annual Environmental Delta Outflow of
137 taf and a net increase to 7 l-Year Average Annual Agricultural and Urban Water Supply
of 401 tafare achieved. Similarly, a net increase to Minimum Annual Environmental Delta
Outflow of 821 taf and net increase to Minimum Annual Agricultural and Urban Water
Supply of 381 tar are achieved with a facilities allocation factor of 25 percent and a
maximum storage volume of 4.0 mar.

5. Potential benefits for both environmental water supply and agricultural and urban water
supply from upstream of Delta off-stream storage are reduced with high Sacramento River
flow event targets under any combination of operational goals and storage capacities. For
example, with a low Sacramento River flow event target, existing Banks Pumping Plant
capacity, and Normal Period Supply operation for both environmental and agricultural and
urban water supply, as the facilities allocation factor is increased through the range of 0, 25,
50, 75, and 100 percent for 2.0 maf maximum storage volume, 71-Year Average Annual
Environmental Delta Outflow decreases through the range of 488, 398, 318, 224, and 0 taf
and 71-Year Average Annual Agricultural and Urban Water Supply increases through the
range of-15, 130, 211,242, and 266 tar. With a high Sacramento River flow event target,
existing Banks Pumping Plant capacity, and Normal Period Supply operation for both
environmental and agricultural and urban water supply, as the facilities allocation factor is
increased through the range of 0, 25, 50, 75, and 100 percent for 2.0 mafmaximum storage
volume, 71-Year Average Annual Environmental Delta Outflow decreases through the range
of 313,256, 194, 120, and 0 taf and 71-Year Average Annual Agricultural and Urban Water
Supply increases through the range of-10, 80, 136, 164, and 184 tar. Similar reductions in
benefits occur with a high Sacramento River flow event target under other combinations of
operational goals and with expanded Banks Pumping Plant capacity.

6. This initial evaluation indicates that new upstream of Delta storage facilities provide greater
71-Year Average Annual Agricultural and Urban Water Supply Benefits with expanded
Banks Pumping Plant capacity in comparison to existing Banks Pumping Plant capacity.
However, greater Minimum Annual Agricultural and Urban Water Supply Benefits are
provided with existing Banks Pumping Plant capacity in comparison to expanded Banks
Pumping Plant capacity. This is because the limited Banks Pumping Plant capacity results in
a constraint which limits storage releases, so more water is retained for delivery through
extended dry periods. For example, consider a 2.0 mafmaximum storage volume facility,
existing Banks Pumping Plant capacity with a low Sacramento River flow event target, a
facilities allocation factor of 50 percent, and a Normal Period Supply operation goals for both
environmental storage and agricultural and urban storage. Under these conditions, a net
increase in 71-Year Average Annual Environmental Delta Outflow of 318 tar and a net
increase in 71-Year Average Annual Agricultural and Urban Water Supply of 211 tar occur.
Under the same maximum storage volume, facilities allocation factor, and operational goals,
with expanded Banks Pumping Plant capacity and a low Sacramento River flow event target,
a net increase in 71-Year Average Annual Environmental Delta Outflow of 278 tar and a net
increase in 71-Year Average Annual Agricultural and Urban Water Supply of 236 taf are
attained. Similar effects in benefits occur with expanded Banks Pumping Plant capacity
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under other combinations of operational goals and with a high Sacramento River flow event
target.

Maximum combined 71-Year average annual benefits with existing Banks Pumping Plant
capacity and low Sacramento River flow event target are attained with a maximum storage
volume of 5.0 maf, a facilities allocation factor of 75 percent, and Dry Period Supply
Operations for environmental water supply and Normal Period Supply Operations for
agricultural and urban water supply. A net increase to 71-Year Average Annual
Environmental Delta Outflow of 142 tar and a net increase to 71-Year Average Annual
Agricultural and Urban Water Supply of 324 taf are achieved. Maximum combined
minimum annual benefits with existing Banks Pumping Plant capacity and low Sacramento
River flow event target are attained with a maximum storage volume of 3.5 mar and a
facilities allocation factor of 25 percent. Under these conditions, a net increase to Minimum
Annual Environmental Delta Outflow of 821 tar and net increase to Minimum Annual
Agricultural and Urban Water Supply of 375 tafare achieved. In comparison, reduced
71-Year environmental water supply and increased 71-Year average annual agricultural and
urban water supply benefits with expanded Banks Pumping Plant capacity and low
Sacramento River flow event target, a maximum storage volume of 5.0 mar, a facilities
allocation factor of 75 percent, and Dry Period Supply Operations for environmental water
supply and Normal Period Supply Operations for agricultural and urban water supply. A net
increase to 71-Year Average Annual Environmental Delta Outflow of 137 tar and a net
increase to 71-Year Average Annual Agricultural and Urban Water Supply of 401 tar are
achieved. Similarly, a net increase to Minimum Annual Environmental Delta Outflow of
775 tar and net increase to Minimum Annual Agricultural and Urban Water Supply of 275 tar
are achieved with a facilities allocation factor of 25 percent and a maximum storage volume
of 3.5 mar indicate reduced minimum annual environmental and agricultural and urban water
supply.

7. Adding any new storage facilities effects agricultural and urban water supply benefits due to
reductions in delivery of SWP Interruptible Supply water. Under terms of the Monterrey
Agreement, whenever project water is available for delivery to SWP contractors that is not
needed for fulfilling approved entitlement water deliveries or for meeting SWP operational
commitments, including storage goals for the current or following years, SWP contractors
may take delivery of these water supplies in proportion to their respective annual Table A
entitlement. For the purposes of this evaluation, delivery of SWP Interruptible Supply is
given last priority in relation to delivery and storage of environmental water, CVP contractual
water, and SWP table A entitlement water. Adding new storage capacity -- for either
environmental or agricultural and urban water supply purposes -- will reduce the availability
of unallocated surplus Delta water and thereby reduce the quantity of SWP Interruptible
Supply deliveries. If the new storage capacity is designated for agricultural and urban
purposes, this interruptible supply will be replaced by more reliable base contractual water
supply deliveries. If the new storage capacity is designated for environmental purposes, net
decreases are seen in total agricultural and urban water supply benefits.
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Figure 1

Upstream of Delta Off-Stream Storage
Combined Envlronmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Opemtlon, Ag & Urban: Normal Period Supply Operat|on
5000 cfs Storage InflowlOufflow Conveyance Capacity

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A. 71-YearAverage Annual
Envlronmentsl Delt~ Outflow

..t"° .’" ! .......................

Maximum Stonlge Volume

Plot B. 71-Year Average Annual
Ag & Urban Water Supply Benefits

i Facilities Allocation Factor:

|
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Figure 2                                                        I

Upstream of Delta Off.Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

With Expended Banks PP Capacity and Low S.R. Flow Event Target

PI~A. 71-~ur Av~’~ge
Environmental Delt~ Outflow

--
/...~2 - <’"       ¯ ...... 4 ......... 4 ..................... ~ ....................

M~xlmum Storage Volume

Plot B. 71-Year Average Annual
Ag & Urban Water Supply Benefits

6.800

~--.----~
i ’L---------~- -~--f!-- /..~....-77.~ .......~ I ........~ .......i ! ~ ~ -

6,400 ..... - ’ I-.-- - " - -                  ~
r .........

~-~ °’~ d~-~ /"~ ; .....
! " ................. I’ ........ !~ I~ r

M~x|mum ~or~ge Volume

Facilities AJlocation Factor:
--0% ...... 25% ~ ’50% ...... 75%

Note; 0% Facades A~ocation Factor i~dicates e~t b’e storage dedP.a(ed to envin~rnentat wat~
t00% Fac~itle$ Alocation Fac~¢ i~dicates entire storage dedicated to ag & uYoan water supp;y.
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Figure 3

Upstream of Delta Off-Stream Storage
Combined Environment~l - Ag & Urban Water Supply I~nefi~

Environmental: Dry Period Supply Opemtlon, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With ~lsting Banks PP Cal~city and Low S.R. Fin Event Target

Plot A. Minimum Annual

.... "
500 1,000 1.500 2.000 2,500 3,000 3,500 4,000 4,500 5.000

M~dmum Storage Volume (TAF)
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Figure 4

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benaflt~

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

With Expanded Banks PP Capaci~ and Low S.R. Flow Event Target

Plot A. Minimum Annual
Environmental Delta Outflow
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.|
Figure 5

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

i Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

, With Existing Banks PP Capacity and Low S.R. Flow Event Target

m Plot A. 71-Year Average Annual
Environmental Delta Outflow
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Figure 6

Upstream of Delta Off-Stream Storage
Combined Environmental -- Ag & Urban Water Supply Benefits

Environmental: Normal Pedod Supply Ol~ration, Ag & U~an: DW Period Supply O~ration
5000 cfs Storage Inflow/Outflow Conveyance Capaclty

With Expanded Banks PP Capacity and Low S.R. Flow Event Target

Plot A. 7t-Year Average Annual
Environmental Delta Outflow
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Figure 7

Upstream of Delta Off-Stream Storage
Combined Environmental -- Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A. Minimum Annual
Environmental Delta Outflow

M.txlmum Storage Volume (TAF)

Plot B. 71-Year Average Annual
Ag & Urban Water Supply Benefits

Maximum Storage Volume (TAF)

1
Facilities A~locabo~ Factor:

--0% ...... 25% ~ ’50% ..... 75% --100%

Note’ 0% Facilities Allocation Factor indicates ~ storage dedicated to ~-lv~onmen~l w-~t e~ s ul~o~y
100% FaQld~s A1k3cat~on Factor indicate~ enl~e storage dedic~ed to ag & ixban water supply.
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Figure 8

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: DW Peri~:l Supply Ol~ration, Ag & U~an: Normal Pedod Supply O~r~tion
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With ~panded Banks PP Capacil~ and Low S.R. Flow Event Target
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Environmental D~Ita Outflow

3,500

5~O 1.000 1,500 2,000 2.500 3,000 3,500 4,000 4.500 5.000

Maximum $lorage Volume ~rAF}

Plot B, 71-Year Average Annual
Ag & Urban Water Supply Benefits

o,,~~.~.i-~ -~ .................~ .........~ .........~ ............

Facilities/Mlocation Factor: J

D--0~5~4
[~-006584



Preliminary Draft -- May 12, 1997 Parle 19

South of Delta Off-Aqueduct Storage
This evaluation provides initial quantitative information on combined environmental -
agricultural and urban water supply benefits that might be provided by new south of Delta
storage facilities. Additional information on water quality benefits, interaction with other
potential new storage and conveyance facilities, costs of new storage facilities, and
environmental acceptability of new storage facilities must all be considered in a further
refinement of this evaluation. Potential water supply benefits under each of the eight operation
conditions were evaluated separately and described in the following section of this report. Some
general observations drawn fi’om this study are summarized here. More detailed results are
described in the following sections of this report.

1. Adding any new storage facilities has significant impacts on agricultural and urban water
supply benefits due to reductions in delivery of SWP Interruptible Supply water. Under the
terms of the Monterey Agreement, whenever project water is available for delivery to SWP
contractors that is not needed for fulfilling approved entitlement water deliveries or for
meeting SWP operational commitments, including storage goals for the current or following
years, SWP contractors may take delivery of these water supplies in proportion to their
respective annual Table A entitlement. For the purposes of this evaluation, delivery of SWP
Interruptible Supply is given last priority in relation to delivery and storage of environmental
water, CVP contractual water, and SWP Table A entitlement water. Adding new storage
capacity -- for either environmental or agricultural and urban water supply purposes -- will
reduce the availability of unallocated surplus Delta water and thereby reduce the quantity of
SWP Interruptible Supply deliveries. If the new storage capacity is designated for
agricultural and urban purposes, this interruptible supply will be replaced by more reliable
base contractual water supply deliveries. If the new storage capacity is designated for
environmental purposes, net decreases are seen in total agricultural and urban water supply
benefits.

This effect is pronounced under the expanded Banks Pumping Plant capacity condition, due
to the higher level of SWP Intermptible Supply deliveries that would occur without new
storage facilities. An example of this effect is seen in model runs with a 3.0 maf maximum
storage capacity and Normal Period Supply Operation goals for both environmental water
supply and agricultural and urban water supply. Under these conditions and the facilities
allocation factor set at 0 percent, a net loss of 83 taf occurs in 71-Year Average Annual
Agricultural and Urban Water Supply benefits. With the facilities allocation factor raised to
25 percent, this loss is recovered and a net gain of 24 tafis attained in 71-Year Average
Annual Agricultural and Urban Water Supply benefits.

2. Potential benefits for both environmental water supply and agricultural and urban water
supply from south of Delta off-aqueduct storage are significantly enhanced with expanded
Banks Pumping Plant capacity under any combination of operational goals and storage
capacities, as an example a storage capacity facility, aConsider 2.O mafmaximum facilities
allocation factor of 50 percent, and Normal Period Supply goals for both environmental
storage and agricultural and urban storage. Under these conditions and with existing Banks

.|
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Pumping Plant capacity, a net increase in 71-Year Average Annual Environmental Delta
Outflow of 78 tar and a net decrease in 71-Year Average Annual Agricultural and Urban
Water Supply of 13 taf occur. Under the same maximum storage capacity, facilities
allocation factor, and operational goals, with expanded Banks Pumping Plant capacity, net
increases in 71-Year Average Annual Environmental Delta Outflow of 156 tar and 71-Year
Average Annual Agricultural and Urban Water Supply of 108 tafare attained. Similar
improvements in benefits are attained with expanded Banks Pumping Plant capacity under
other combinations of operational goals.

3. With both environmental storage and agricultural and urban storage operated for Normal
Period Supply goals, cumulative benefits (as measured by 71-Year Average Annual
Environmental Delta Outflow and 71-Year Average Annual Agricultural and Urban Water
Supply) continue to increase as maximum storage cap.acity increases. Although incremental
benefits decrease towards the upper end of the range of maximum storage capacities
evaluated, under this type of operation there is no obvious limit to effective storage capacity
below 3.0 maf. For any given maximum storage capacity, relative benefits to environmental
water supply and agricultural and urban water supply are roughly proportional to the facilities
allocation factor. For example, with expanded Banks Pumping Plant capacity and a 2.0 mar
maximum storage capacity, as the facilities allocation factor is increased through the range of
0, 25, 50, 75, and 100 percent, 71-Year Average Annual Environmental Delta Outflow
decreases through the range of 270, 218, 156, 84, and 0 tafand 71-Year Average Annual
Agricultural and Urban Water Supply increases through the range of-80, 29, 108, 188, and
270 taf. While caution should be taken in directly comparing relative benefits to
environmental water supply and agricultural and urban water supply, it is clear that deliveries
from storage to either type of use .increase in a fairly linear relationship with the share of
storage dedicated to that type of use.

As displayed in Figure 9, maximum combined benefits are attained with a maximum storage
capacity of 3.0 maf and a facilities allocation factor of 50 percent. Under these conditions, a
net increase to 71-Year Average Annual Environmental Delta Outflow of 174 tar and a net
increase to 7 I-Year Average Annual Agricultural and Urban Water Supply of 116 taf are
achieved.

4. With both environmental storage and agricultural and urban storage operated for Dry Period
Supply goals, only minor combined benefits (as measured by Minimum Annual
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water Supply)
are possible with existing Banks Pumping Plant capacity. With expanded Banks Pumping
Plant capacity, combined benefits are more significant, but disproportionate to maximum
storage capacity and facilities allocation factor. The maximum potential Minimum Annual
Environmental Delta Outflow decreases dramatically as the facilities allocation factor is
increased from 25 to 50 percent. No benefits to Minimum Annual Environmental Delta
Outflow are achieved with a facilities allocation factor of 75 percent. Compared to Minimum
Annual Environmental Delta Outflow, Minimum Annual Agricultural and Urban Water
Supply Benefits increase more linearly with maximum storage capacity. Incremental benefits
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increase throughout the range of maximum storage capacities evaluated for facilities
allocation factors of 25 through 100 percent. However, as with Minimum Annual
Environmental Delta Outflow, benefits decrease dramatically as the facilities allocation factor
is decreased from 50 to 25 percent.

Under combined Dry Period Supply Operations, expanded Banks Pumping Plant capacity,
and a facilities allocation factor of 0 percent, Minimum Annual Environmental Delta Outflow
reaches a maximum with a maximum storage capacity of 1.0 maf. With facilities allocation
factors of 75 and 100 percent, Minimum Annual Agricultural and Urban Water Supply
Benefits reach a near-maximum with storage capacities of 1.5 and 2.0 mat’, respectively.
Increases in both Minimum Annual Environmental Del~ Outflow and Minimum Annual
Agricultural and Urban Water Supply are achieved only with facilities allocation factors of
25 and 50 percent. With these facilities allocation factors, combined Minimum Annual
benefits increase throughout the range of maximum storage capacities evaluated. As shown
in Figure 10, maximum combined benefits are attained with a maximum storage capacity of
3.0 mafand facilities allocation factors of 25 or 50 percent. With a 25 percent facilities
allocation factor, a net increase to Minimum Annual Environmental Delta Outflow of 308 taf
and a net increase to Minimum Annual Agricultural and Urban Water Supply of 169 tar are
achieved. With a 50 percent facilities allocation factor, a net increase to Minimum Annual
Environmental Delta Outflow of 77 tar and a net increase to Minimum Annual Agricultural
and Urban Water Supply of 397 taf are achieved.

5. With environmental storage operated for Normal Period Supply and agricultural and urban
storage operated for Dry Period Supply, only minor combined water supply benefits are
possible with existing Banks Pumping Plant capacity. With facilities allocation factors of
25 through 75 percent, near-maximum combined benefits to 7I-Year Average Annual
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water Supply
are attained with a maximum storage capacity of 1.0 maf. With expanded Banks Pumping
Plant capacity, combined benefits to 71-Year Average Annual Environmental Delta Outflow
and Minimum Annual Agricultural and Urban Water Supply increase throughout the range of
maximum storage capacities As displayed in Figure 11, with a maximum storagee~aluated.
capacity of 3.0 maf and a facilities allocation factor of 50 percent, a net increase to 71-Year
Average Annual Environmental Delta Outflow of 188 tar and a net increase to Minimum
Annual Agricultural and Urban Water Supply of 354 tafare attained.

6. With environmental storage operated for Dry Period Supply and agricultural and urban
storage operated for Normal Period Supply, no significant combined water supply benefits
are attained with existing Banks Pumping Plant capacity. With expanded Banks Pumping
Plant capacity, maximum increases to Minimum Annual Environmental Delta Outflow are
achieved with a maximum storage capacity of 1.25 mar for facilities allocation factors of
25 and 50 percent. Benefits are reduced significantly as the facilities allocation factor is
increased from 25 to 50 percent. No increases to Minimum Annual Environmental Delta
Outflow are attained with a facilities allocation factor of 75 percent. 71-Year Average
Annual Agricultural and Urban Water Supply increases throughout the range of maximum

D~006587
D-006587



Preliminary Draft -- May t2, ’/997 Page 22

storage capacities evaluated for facilities allocation factors of 25 to 75 percent. As shown in
Figure 12, maximum combined benefits are attained with a maximum storage capacity of ¯
3.0 mafand a facilities allocation factor of 25 percent. Under these conditions, a net increase
to Minimum Annual Environmental Delta Outflow of 289 tar and a net increase to 71-Year
Average Annual Agricultural and Urban Water Supply of 120 tar are achieved.
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Figure 9

South of Delta I~-Aquedu~ Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Normal Period Supply Operation
3500 cfs Conveyan~ Capecity

With Expanded Banks PP Capacity

Plot A. 71-Year Average Annual
Environmental D~lta Outflow
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Figure 10

South of Delta Off-Aqueduct Storage
Combined Environmental -- Ag & Urban Water Supply Benefits

Environmental: DW Period Supply Ol:~r~tion, Ag & U~an: Dr~ Period Supply Operation
3500 cfs Conveyance Capacity

With Expanded Banks PP .Capacity

Plot A. Minimum Annual
Environmental Delta O~11ow
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Figure 11

South of Dalt~ Off-Aquadu~t Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
3500 cfs Conveyance Capacity

l~th ~xpend~:! Banks PP Capacity

Plot A. 71 -Year Average Annu~!
Envlronment~l D~lt~ Outflow
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Ag & U~oan Water Supply Benefits
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Figure ’12

South of Delta Off-Aqueduct Storage
Combined Environmental -- Ag & Urban Water Supply Benefits

Environmental: D~ Period Supply Opar~tion, Ag & U~an: Normal Period Supply Oparation
3500 cfs Conveyance Capacity

With Expanded Banks PP Capacity

Plot A. Minimum Annual []
Environmental Delta Ouffiow

1

Plot B. 71-Year Average Annual
Ag & Urban Water Supply Benefit~
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Facilities AJIocation Factor:                                                                                                      q
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Initial Sensitivity Evaluation of Operational Parameters and Storage Volumes
Using the CALFED Post-Processing Operations Model

Upstream of Delta Off-Stream Storage Facilities

COMBINED ENVIRONMENTAL -- AGRICULTURAL AND URBAN WATER SUPPLY
EVALUATION

Introduction
Environmental water supply benefits from new upstream of Delta storage facilities would be
achieved by diverting water from the Sacramento River during periods of high flow and
concurrent low environmental impacts. This stored water would then be released back to the
Sacramento River to meet Delta outflow and/or in-stream targets. Agricultural and Urban water
supply benefits from new upstream of Delta storage facilities would be achieved in a similar
manner. As described above, water from the Sacramento River would be diverted during periods
of high flow and concurrent low environmental impacts. This stored water would be released
back to the Sacramento River during times of need. The capacity of the new storage facility’,
rules governing diversions into storage, and operationa! goals (e.g. maximum normal period
supply or maximum d~’ period supply) all affect the magnitude of potential water supply’
benefits for environmental or agricultural and urban purposes.

The CALFED spreadsheet operations model was used to evaluate effects of various operational
rules and physical capacities of new upstream of Delta storage facilities on potential combined
environmental -- agricultural and urban water supply benefits. In preceding studies, separate
evaluations were conducted to identify potential benefits from upstream of Delta storage
facilities dedicated to environmental water supply and agricultural and urban water supply,. In
each of these evaluations, eight sets of parameters were developed which collectively bracket
ranges of potential operations. These eight operations conditions include two operational goals
implemented under four external conditions.

The first operational goal modeled is to maximize supplies over normal hydrologic periods. This
goal is achieved by imposing no storage carryover requirement and releasing water from storage
whenever unmet demand exists. A by-product of this type of operation is that supplies in storage
are often depleted when entering critically dry periods. The second operational goal is to
maximize supplies in the driest years of normal hydrologic sequences. This goal is achieved by
reducing the amount of water delivered from storage in any given year through methods such as
imposing carryover requirements. While this type of operation usually results in relatively larger
quantities of water in storage for use during extended dry periods, overall long-term water
deliveries are diminished.

Input from agency representatives and stakeholders suggested a need to maintain certain
geomorphological processes along the upper un-leveed portion of the Sacramento River and
biological processes in the river and Bay-Delta system as a condition to operating any new
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storage facilities. Under this scenario, a minimum peak flow would be required to occur in the
river each year or defined number of years before flows would be diverted to storage. In this̄
evaluation, a combination of one-month and two-month volumes are used to represent this
minimum flow event target. In addition, for this evaluation the Sacramento River flow event
target is implemented annually. Beginning each October the flow target (in addition to existing
in-stream and/or navigation requirements) must be met prior to diverting any flows to storage.
Once the target is met, only existing in-stream and/or navigation requirements must be met prior
to diverting subsequent flows to storage during the water year. An initial sensitivity evaluation
indicates the Sacramento River flow event target has negligible effects on storage operations
below a flow event target measured by a one-month volume of 500 taf. Between flow event
targets measured by one-month volumes of 500 and 1,000 tar, storage operations are sensitive to
the target level. Minimal additional effects are seen with targets measured by one-month
volumes above 1,000 taf up to the maximum flow event target evaluated, measured by a one-
month volume of 1,500 taf. For this evaluation, the Sacramento River flow event target is l
considered an external condition to be applied in conjunction with existing or expanded Banks
Pumping Plant capacity. To bracket the potential effects in storage operations, low and high
Sacramento River flow event targets were selected for evaluation.

Because the capacit)’ of Banks Pumping Plant, the State Water Project Delta pumping facility has
an affect on potential storage operations for meeting south of Delta unmet agriculture and urban
demands, two capacities were considered in this evaluation. In combination, the two Banks
Pumping Plant capacities and two Sacramento River flow event targets result in four external
conditions to be considered in this evaluation. Under the first external condition, existing Banks
Pumping Plant capacity is assumed in conjunction with a low Sacramento River flow event
target. Under the second external condition, an expanded Banks Pumping Plant capacity, as
proposed in the Department of Water Resources South Delta Improvements Plan, is assumed in
conjunction with a low Sacramento River flow event target. Under the third external condition,
existing Banks Pumping Plant capacity is assumed in conjunction with a high Sacramento River
flow event target. Under the fourth extemal condition, an expanded Banks Pumping Plant
capacity is assumed in conjunction with a high Sacramento River flow event target.

Because either environmental or agriculture and urban storage could be operated for either
Normal Period Supply of Dry Period Supply, a total of sixteen operation conditions were
evaluated in this stud3’. These sixteen operation conditions, defined by the two operational goals
for each water supply type under these four external conditions, are described in Table NC-1.

In this evaluation, a facilities allocation factor was used to direct the portion of storage volume
and storage inflow/outflow conveyance capacity dedicated to environmental water supply and
agricultural and urban water supply purposes. This facilities allocation factor was defined such
that 0 percent indicates that all facilities are dedicated to environmental purposes while
100 percent indicates that all facilities are dedicated to agricultural and urban water supply
purposes. Any factor ranging from 0 to 100 percent may be input into the model. Under the
assumptions built into the model, the storage volume for either purpose (total volume multiplied
by the appropriate facilities allocation factor) always remains dedicated to that purpose alone.
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On the other hand, the storage inflow/outflow conveyance capacity for either purpose is only
dedicated as a first priority to that purpose. If storage conveyance capacity dedicated to either
environmental or agricultural and urban purposes is not in use, it may be employed for the other
purpose. To evaluate combined environmental -- agricultural and urban water supply operations,
the parameter sets for the sixteen operation conditions described in Table NC-1 were employed
to estimate water supply benefits under facilities allocation factors of 0, 25, 50, 75, and
100 percent and maximum storage volumes ranging from 100 tar to 5.0 maf.

As described in previous evaluations, a minimum Delta outflow target of 12,000 cfs for the
months of January through June is used as a surrogate for environmental water demands for these
evaluations. Because the CALFED spreadsheet operations model uses a monthly time step, more
detailed evaluation of flows is not possible with this tool. However, in actual operation, the
volume of water released from storage towards the 12,000 cfs target might be used to create
higher pulses of flow for shorter durations, if this operation was deemed more environmentally
beneficial.

this minimum Delta outflow approach, environmental waterUsing target surrogate supply
benefits are measured in this evaluation by averaging monthly flow rates up to a maximum of
12,000 cfs for January through June of each water year. Any flow above 12,000 cfs is not
counted as part of the environmental water supply benefits. Note that the result of this
computation is significantly lower than and not comparable to total average annual Delta
outflow. For simplicity in this evaluation, this average of January through June Delta outflows
up to 12,000 cfs is termed Environmental Delta Outflow.

As also described in previous evaluations, south of Delta SWP and CVP demands are used as a
surrogate for agricultural and urban water supply demands in these evaluations. In actual
practice, agricultural and urban water supply benefits from upstream of Delta storage might be

subset of SWP and CVP other of Delta south of Deltadesignatedto a users,or upstream or

agricultural and urban water users.

Five statistical measures of water supply benefits for either environmental purposes or
agricultural and urban purposes are included in this analysis, as described in Table NC-2. Water
supply benefits, as described by these five statistical measures, were estimated for each of the
sixteen sets of operation conditions over the range of maximum storage volumes and facilities
allocation factors. While this information should not be considered definitive, thisevaluation
illustrates the potential for combined environmental -- agricultural and urban water supply
benefits from upstream of Delta storage facilities and the effects of various external conditions
and operational goals. The information developed in this evaluation may be used to provide an
initial refinement of the range of storage volumes of potential upstream of Delta storage facilities
which should be considered in future studies.

II
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Table
Bracketing Operational Conditions

Condition Description

1 Existing Banks PP Cat~acitv/Low S.R. Flow Event Target
Environmental Storage: Normal Period .Supply Operation
Agriculture and Urban Storage: Normal Period Supply Operation.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a low Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supplies over normal hydrologic periods.

2 Ex,,isting Banks PP Capacity/Low S.R. Flow Event Target
Environmental Storage: Dry_ period Supply Ooeration
Agriculture and Urban Storage: Dry Period Supply Ooeration.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a low Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supplies in critically dry years.

3 Existing Banks PP C.apacj~’!Low S.R. Flow Event Target
Environmental Storage: Norm.al Period Supply Operation
Agricultural and Urban Storage: Dry Period Supply Operation.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a low Sacramento River flow
event target. Environmental storage is operated to provide maximum supplies over
normal hydrologic periods. Agricultural and urban storage is operated to provide
maximum supplies in critically dry years.

4 Existing Banks PP Capaci _ty!Low S.R. Flow Event Target
Environmental Storage: Dry Period Supply Operation
Agricultural and Urban Storage: Normal Period Supply Operation.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a low Sacramento River flow
event target. Environmental storage is operated to provide maximum supplies in
critically dry years. Agricultural and urban storage is operated to provide maximum
supplies over normal hydrologic periods.
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Table NC-1 (Continued)
Bracketing Operational Conditions

Condition Description

5 Expanded Banks PP Cat~acitv/Low S.R. Flow Event Target
Environmental Storage: Normal Period Supply Operatioo
Agriculture and Urban Storage:_ Normal Period Supply Operation.
This condition assumes increased Banks Pumping Plant capacity as proposed in the
Department of Water Resources Interim South Delta Improvement Plan is in operation
and diversions to upstream of Delta storage are limited by a low Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supplies over normal hydrologic periods.

6 Exoanded Banks PP Caoacitv/Low S.R. Flow Event Target
Environmenta! Storage: Dry Period Supply Operation
Agriculture and Urban Storage: Dry Period Supply Operation.
This condition assumes increased Banks Pumping Plant capacity as proposed in the
Department of Water Resources Interim South Delta Improvement Plan is in operation
and diversions to upstream of Delta storage are limited by a low Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supp’!ies in critically drT years"

7 Expande,d Banks PP Capaci .tyiLow S.R. Flow Event Targ.e,.t
Environmer~ta! Storage: Normal Period Supply Operation
A~,ricultural and Urban Storage: Dry Period Supply Ooeration.
This condition assumes increased Banks Pumping Plant capacity as proposed in the
Department of Water Resources Interim South Delta Improvement Plan is in operation
and diversions to of Delta limited by low Sacramento River flowupstream storageare a
event target. Environmental storage is operated to provide maximum supplies over
normal hydrologic periods. Agricultural and urban storage is operated to provide
maximum supplies in critically dryyears.

8 Ext~anded Banks PP Caoacitv/Low S.R. Flow Event Target
Environmental Storage: Dry. Period Supply Oper~.tion
Agricultural and Urban Storage: Normal Period Supply Operation.
This condition assumes increased Banks Pumping Plant capacity as proposed in the
Department of Water Resources Interim South Delta Improvement Plan is in operation
and diversions to upstream of Delta storage are limited by a low Sacramento River flow
event target. Environmental storage is operated to provide maximum supplies in
critically dry years. Agricultural and urban storage is operated to provide maximum
supplies over normal hydrologic periods.
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Table NC-1 (Continued)
Bracketing Operational Conditions

Condition Description

9 Existing Banks PP Capacity/High S,R. Flow Event Target
Environmental Storage: Normal period Supply Operation
Agriculture and Urban Storage: Normal Period Supply Operation.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a high Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supplies over normal hydrologic periods.

10 Existing Bank~ PP Capacity/High S.R. Elow Event Target
. Environmental Storage: Dry Period Supply Operation

Agriculture and Urban Storage: Dry_ Period Supply Operation.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a high Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supplies in critically dry years.

11 Existing Banks PP Capacity/High S.R. Flow Event Targe.t
Environmental Storag.e: Normal Period Supply Operation
Agricultural and Urban Storage: Dry_ Period Supply Operation.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a high Sacramento River riow
event target. Environmental storage is operated to provide maximum supplies over
normal hydrologic periods. Agricultural and urban storage is operated to provide
maximum supplies in critically dry years.

12 Existing Banks PP Capaci _ty/High S.R. Flow Event Target
Environmental Storage: Dry Period Supply Operation
Agn.’, .cultural and Urban Storage: Normal Period Supply Ooeration.
This condition assumes existing Banks Pumping Plant capacity is in operation and
diversions to upstream of Delta storage are limited by a high Sacramento River flow
event target. Environmental storage is operated to provide maximum supplies in
critically dry years. Agricultural and urban storage is operated to provide maximum
supplies over normal hydrologic periods.
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Table NC-1 (Continued)
Bracketing Operational Conditions

Condition Description

Exvanded Caoacitv/High S.R. Flow Event Target13 BanksPP
Environmental Storage: Norlnal period Supply Operation
A_m’iculture and Urban Storage: Normal Period Supply Operation.
This condition assumes increased Banks Pumping Plant capacity as proposed in the
Department of Water Resources Interim South Delta Improvement Plan is in operation
and diversions to upstream of Delta storage are limited by a high Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supplies over normal hydrologic periods.

14 Exoanded Banks PP Cavacitv/High S.R. FlowEventTarget
Environmental Storage: Dry Period Supply Operation
Agriculture and Urban Storage: Dry. Period Supply Overation.
This condition assumes increased Banks Pumping Plant capacity as proposed in the
Department of Water Resources Interim South Delta Improvement Plan is in operation
and diversions to upstream of Delta storage are limited by a high Sacramento River flow
event target. Environmental and agricultural and urban storage is operated to provide
maximum supplies in critically dr)’ years.

15 Expanded Banks PP Capacit?_’iHigh S.R. Flow Event Target
Environmental Stora’l,e: Normgl Period Supply Operation
Agricultural and Urban Storage: Dr3_" Period Suoolv Ooeration.
This condition assumes increased Banks Pumping Plant capacity as proposed in the

of Water Resources Interim South Delta Plan is inDepartment Improvement operation
and diversions to upstream of Delta storage are limited by a high Sacramento River flow
event target. Environmental storage is operated to provide maximum supplies over
normal hydrologic periods. Agricultural and urban storage is operated to provide
maximum supplies in critically dry years.

16 Exoanded Banks PP Capacity/q-Iigh S.R. Flow Event Target
Environmental Storage: D~" Period Supply Operation
Agricultural and Urban Storage: Normal Period Supply Operation.
This condition assumes increased Banks Pumping Plant capacity as proposed in the
Department of Water Resources Interim South Delta Improvement Plan is in operation
and diversions to upstream of Delta storage are limited by a high Sacramento River flow
event target. Environmental storage is operated to provide maximum supplies in
critically dr)’ years. Agricultural and urban storage is operated to provide maximum
supplies over normal hydrologic periods.
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Table NC-2                                             1
Statistical Measures

of l
Environmental and Agricultural and Urban Water Supply Benefits

Measure Description 1

1 71-Year Average Annual. Annual average over the historical hydrologic 1
sequence used in the model simulations.

2 1928-34 Cri~,ical Dry. Period Average Annua!. Annual average over the seven ¯
year critical dry period.

3 Average Dry. Year. Annual average over the sixteen water years classified as 1
dry years within the 71-year hydrologic sequence.

4 Average Critically DR" Ye~. Annual average over the eleven water years
classified as critically dry years within the 71-year hydrologic sequence. 1

5 Minimum Annual.. The minimum annual quantity that occurs over the 71-year

.... hydrologic sequence. 1
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Summary
This evaluation provides initial quantitative information on combined environmental -
agricultural and urban water supply benefits that might be provided by new upstream of Delta
storage facilities. Additional information on water quality benefits, interaction between
environmental water supply and agricultural and urban water supply opportunities, interactions
with other potential new storage and conveyance facilities, costs of new storage facilities, and
environmental acceptability of new storage facilities must all be considered in a further
refinement of upstream of Delta water storage facilities. Potential water supply benefits under
each of the sixteen operation conditions were evaluated separately. Some general observations
drawn from this study are summarized here. More detailed results are described in the following
sections of this report.

1. With both environmental storage and agricultural and urban storage operated for Normal
Period Supply goals, cumulative benefits (as measured by 71-Year Average Annual
Environmental Delta Outflow and 71-Year Average Annual Agricultural and Urban Water
Supply) continue to increase as maximum storage volume increases. Although incremental
benefits decrease towards the upper end of the range ofmaximum storage volumes evaluated,
under this type of operation there is no obvious limit to effective storage volume below
5.0 maf. For any given maximum storage volume, relative benefits to environmental water
supply and agricultural and urban water supply are roughly proportional to the facilities
allocation factor. For example, with expanded Banks Pumping Plant capacity, low
Sacramento River flow event target and a 2.0 maf maximum storage volume, as the facilities
allocation factor is increased through the range of 0, 25, 50, 75, and 100 percent, 71-Year
Average Annual Environmental Delta Outflow decreases through the range of 441, 357, 278,
t83. and 0 taf and 71-Year Average Annual Agricultural and Urban Water Supply increases
through the range of-26, 146, 236, 291, and 333 taf. ~le caution should be taken in
directly comparing relative benefits to environmental water supply and agricultural and urban
water supply, 71-Year average annual deliveries from storage to either type of use increase in
fairly linear relationship with the share of storage dedicated to that type of use.

As displayed in Figure NC-1, near maximum combined benefits with existing Banks
Pumping Plant capacity and low Sacramento River flow event target are attained with a
maximum storage volume of 5.0 maf and a facilities allocation factor of 50 percent. Under
these conditions, a net increase to 71-Year Average Annual Environmental Delta Outflow of
398 taf and a net increase to 71-Year Average Annual Agricultural and Urban Water Supply
of 266 taf are achieved. In comparison, maximum combined benefits with expanded Banks
Pumping Plant capacity and low Sacramento River flow event target are similar in magnitude
but shifted slightly towards agricultural and urban water supply. As shown in Figure NC-2,
with a maximum storage volume of 5.0 maf and a facilities allocation factor of 50 percent, a
net increase to 71-Year Average Annual Environmental Delta Outflow of 359 taf and a net
increase to 71-Year Average Annual Agricultural and Urban Water Supply of 314 taf are
achieved.
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2. With both environmental storage and agricultural and urban storage operated for Dry Period
Supply goals, cumulative benefits (as measured by Minimum Annual Environmental Delta
Outflow and Minimum Annual Agricultural and Urban Water Supply) continue to increase as
maximum storage volume increases up to about 4.0 maf. The maximum potential Minimum
Annual Environmental Delta Outflow decreases dramatically as the facilities allocation factor
is increased from 25 to 50 percent. No benefits to Minimum Annual Environmental Delta
Outflow are achieved with a facilities allocation factor of 75 percent. Compared to Minimum
Annual Environmental Delta Outflow, Minimum Annual Agricultural and Urban Water
Supply Benefits increase more linearly with maximum storage volume. Incremental benefits
increase throughout the range of maximum storage volumes evaluated for facilities allocation
factors of 25 through 100 percent. However, benefits decrease dramatically as the facilities
allocation factor is decreased from 100 to 75 percent between 2.0 and 4.0 mafmaximum
storage volume. For example, with expanded Banks Pumping Plant capacity, low
Sacramento River flow event target, and a facilities allocation factor of 0 percent, Minimum
Annual Environmental Delta Outflow reaches a maximum with a maximum storage volume
of 2.5 mar. With facilities allocation factors of 100 percent, Minimum Annual Agricultural
and Urban Water Supply Benefits reaches a maximum with a storage volumes of 3.0 mar.
Relative increases in both Minimum Annua! Environmental Delta Outflow and Minimum
Annual Agricultural and Urban Water Supply Benefits with greater storage volumes are
achieved only with facilities allocation factors of 25 and 50 percent. With these facilities
allocation factors, combined Minimum Annual benefits increase throughout the range of
maximum storage volumes evaluated.

As displayed in Figure NC-3, near maximum combined benefits with existing Banks
Pumping Plant capacity and low Sacramento River flow event target are attained with a
maximum storage volume of 5.0 maf and a facilities allocation factor of 50 percent. Under
these conditions, a net increase to Minimum Annual Environmental Delta Outflow of 636 taf
and a net increase to Minimum Annual Agricultural and Urban Water Supply of 600 taf are
achieved. In comparison, Figure NC-4 displays reduced maximum combined benefits with
expanded Banks Pumping Plant capacity and low Sacramento River flow event target, a
maximum storage volume of 5.0 mafand a facilities allocation factor of 50 percent. Under
these conditions, a net increase to Minimum Annual Environmental Delta Outflow of 326 taf
and a net increase to Minimum Annual Agricultural and Urban Water Supply of 502 taf are
achieved.

3. With environmental storage operated for Normal Period Supply and agricultural and urban
storage operated for Dry Period Supply, cumulative benefits for 71-Year Average Annual
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water Supply
Benefits continue to increase as maximum storage volume increases up to about 5.0 maf. For
any given maximum storage volume, relative benefits to environmental water supply and
agricultural and urban water supply are roughly proportional to the facilities allocation factor.
For example, with expanded Banks Pumping Plant capacity, low Sacramento River flow
event target, and a 2.0 mafmaximum storage volume, as the facilities allocation factor is
increased through the range of 0, 25, 50, 75, and 100 percent, 71-Year Average Annual

D--00~ 6 0 3
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Environmental Delta Outflow decreases through the range of 448, 372, 301,203, and 0 tar
and Minimum Annual Agricultural and Urban Water Supply increases through the range of 0,
94, 376, 416, and 454 tar. While caution should be taken in directly comparing relative
benefits to environmental water supply and agricultural and urban water supply, average
annual deliveries from storage to either type of use increase in fairly linear relationship with
the share of storage dedicated to that type of use.

As displayed in Figure NC-5, with a maximum storage volume of 5.0 maf and a facilities
allocation factor of 50 percent, a net increase to 71-Year Average Annual Environmental
Delta Outflow of 414 taf and a net increase to Minimum Annual Agricultural and Urban
Water Supply of 174 taf are attained. With a facilities allocation factor of 75 percent
maximum combined benefits to 71-Year Environmental Delta Outflow and Minimum
Annual Agricultural and Urban Water Supply Benefits are attained with a maximum storage
volume of 5.0 mar. Under these conditions, a net increase to 71-Year Average Annual
Environmental Delta Outflow of 304 tafand a net increase to Minimum Annual Agricultural
and Urban Water Supply of 851 tafare achieved. Maximum combined 71-year average
annual benefits with existing Banks Pumping Plant capacity and low Sacramento River flow
event target are attained with a maximum storage volume of 5.0 mar and a facilities
allocation factor of 25 percent. Under these conditions, a net increase to 71-Year Average
Annual Environmental Delta Outflow of 509 taf and a net increase to 71-Year Average
Annual Agricultural and Urban Water Supply of 118 taf are achieved. Maximum net
increase to Minimum Annual Agricultural and Urban Water Supply of 912 taf is achieved
with a facilities allocation factor of 100 percent, while Minimum Annual Envircnmental
Delta Outflow is unaffected. In comparison, Figure NC-6 displays average annual benefits
with expanded Banks Pumping Plant capacity and low Sacramento River flow event target.
With a facilities allocation factor of 75 percent maximum combined benefits to 71-Year
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water Supply
Benefits are attained with a maximum storage volume of 5.0 mar. Under these conditions, a
net increase to 71-Year Average Annual Environmental Delta Outflow of 260 tar and a net
increase to Minimum Annual and Urban Water of 861 tar are achieved.Agricultural Supply
Maximum combined 71-year average annual benefits with expanded Banks Pumping Plant
capacity and low Sacramento River flow event target are attained with a maximum storage
volume of 5.0 maf and a facilities allocation factor of 25 percent. Under these conditions, a
net increase to 71-Year Average Annual Environmental Delta Outflow of 467 tar and a net
increase to 71-Year Average Annual Agricultural and Urban Water Supply of 85 taf are
achieved. Maximum net increase to Minimum Annual Agricultural and Urban Water Supply
of 881 taf are achieved with a facilities allocation factor of 100 percent, while Minimum
Annual Environmental Delta Outflow is unaffected.

4. With environmental storage operated for Dry Period Supply and agricultural and urban
storage operated for Normal Period Supply, cumulative benefits for 71-Year Average Annual
Agricultural and Urban Water Supply Benefits and Minimum Annual Environmental Delta
Outflow continue to increase as maximum storage volume increases up to about 5.0 maf. For

given maximum volume, relative 71-Year annual benefits toany storage average
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environmental water supply and agricultural and urban water supply are roughly proportional
to the facilities allocation factor. For example, with expanded Banks Pumping Plant
capacity, low Sacramento River flow event target, and a 2.0 maf maximum storage volume,
as the facilities allocation factor is increased through the range of 0, 25, 50, 75, and
100 percent, Minimum Annual Environmental Delta Outflow decreases through the range of
526, 289, 122, 0, and 0 taf and 71-Year Average Annual Agricultural and Urban Water
Supply increases through the range of 3, 191,266, 320, and 363 tar. While caution should be
taken in directly comparing relative benefits to environmental water supply and agricultural
and urban water supply, average annual deliveries from storage to either type of use increase
in fairly linear relationship with the share of storage dedicated to that type of use.

As displayed in Figure NC-7, with a maximum storage volume of 5.0 mafand a facilities
allocation factor of 50 percent, a net increase to Minimum Annual Environmental Delta
Outflow of 181 tar and a net increase to 71-Year Average Annual Agricultural and Urban
Water Supply of 275 taf are attained. With a facilities allocation factor of 25 percent
maximum combined benefits to Minimum Annual Environmental Delta Outflow and
71-Year Average Annual Agricultural and Urban Water Supply Benefits are attained with a
maximum storage volume of 5.0 maf. Under these conditions, a net increase to Minimum
Annual Environmental Delta Outflow of 821 taf and a net increase to 71-Year Average
Annual Agricultural and Urban Water Supply of 198 tar are achieved. Maximum combined
71-year average annual benefits with existing Banks Pumping Plant capacity and low
Sacramento River flow event target are attained with a maximum storage volume of 5.0 maf
and a facilities allocation factor of 75 percent. Under these conditions, a net increase to
71-Year Average Annual Environmental Delta Outflow of 142 taf and a net increase to
71-Year Average Annual Agricultural and Urban Water Supply of 324 taf are achieved.
Similarly, a net increase to Minimum Annual Environmental Delta Outflow of 821 taf and
net increase to Minimum Annual Agricultural and Urban Water Supply of 375 taf are
achieved with a facilities allocation factor of 25 percent and a maximum storage volume of
3.5 mar. In comparison, Figure NC-8 displays average annual benefits with expanded Banks
Pumping Plant capacity and low Sacramento River flow event target. With a facilities
allocation factor of 25 percent~naximum combined benefits to Minimum Annual
Environmental Delta Outflow and 71-Year Average Annual Agricultural and Urban Water
Supply Benefits are attained with a maximum storage volume of 5.0 maf. Under these
conditions, a net increase to Minimum Annual Environmental Delta Outflow of 821 taf and a
net increase to 71-Year Average Annual Agricultural and Urban Water Supply of 235 taf are
achieved. Maximum combined 71-year average annual benefits with expanded Banks
Pumping Plant capacity and low Sacramento River flow event target are attained with a
maximum storage volume of 5.0 mafand a facilities allocation factor of 75 percent. Under
these conditions, a net increase to 71-Year Average Annual Environmental Delta Outflow of
137 tar and a net increase to 71-Year Average Annual Agricultural and Urban Water Supply
of 401 tar are achieved. Similarly, a net increase to Minimum Annual Environmental Delta
Outflow of 821 taf and net increase to Minimum Annual Agricultural and Urban Water
Supply of 381 taf are achieved with a facilities allocation factor of 25 percent and a
maximum storage volume of 4.0 maf.
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5. Potential benefits for both environmental water supply and agricultural and urban water
supply from upstream of Delta off-stream storage are reduced with high Sacramento River
flow event targets under any combination of operational goals and storage capacities. For
example, with a low Sacramento River flow event target, existing Banks Pumping Plant
capacity, and Normal Period Supply operation for both environmental and agricultural and
urban water supply, as the facilities allocation factor is increased through the range of 0, 25,
50, 75, and 100 percent for 2.0 mafmaximum storage volume, 71-Year Average Annual
Environmental Delta Outflow decreases through the range of 488, 398, 318, 224, and 0 tar
and 71-Year Average Annual Agricultural and Urban Water Supply increases through the
range of-15, 130, 211,242, and 266 taf. With a high Sacramento River flow event target,
existing Banks Pumping Plant capacity, and Normal Period Supply operation for both
environmental and agricultural and urban water supply, as the facilities allocation factor is
increased through the range of 0, 25, 50, 75, and 100 percent for 2.0 mafmaximum storage
volume, 71-Year Average Annual Environmental Delta Outflow decreases through the range
of 313,256, 194, 120, and 0 taf and 71-Year Average Annual Agricultural and Urban Water
Supply increases through the range of-10, 80, 136, ! 64, and 184 taf. Similar reductions in
benefits occur with a high Sacramento River flow event target under other combinations of
operational goals and with expanded Banks Pumping Plant capacity.

6. This initial evaluation indicates that new upstream of Delta storage facilities provide greater
71-Year Average Annual Agricultural and Urban Water Supply Benefits with expanded
Banks Pumping Plant capacity in comparison to existing Banks Pumping Plant capacity.
However, greater Minimum Annual Agricultural and Urban Water Supply Benefits are
provided with existing Banks Pumping Plant capacity in comparison to expanded Banks
Pumping Plant capacity. This is because the limited Banks Pumping Plant capacity results in
a constraint which limits storage releases, so more water is retained for delivery through
extended dr)’ periods. For example, consider a 2.0 mar maximum storage volume facility.
existing Banks Pumping Plant capacity with a low Sacramento River flow event target, a
facilities allocation factor of 50 percent, and a Normal Period Supply operation goals for both
environmental storage and agricultural and urban storage. Under these conditions, a net
increase in 71-Year Average Annual Environmental Delta Outflow of 318 tar and a net
increase in 71-Year Average Annual Agricultural and Urban Water Supply of211 tafoccur.
Under the same maximum storage volume, facilities allocation factor, and operational goals,
with expanded Banks Pumping Plant capacity and a low Sacramento River flow event target,
a net increase in 71-Year Average Annual Environmental Delta Outflow" of 278 taf and a net
increase in 71-Year Annual Agricultural and Urban Water Supply of 236 taf areAverage
attained. Similar effects in benefits occur with expanded Banks Pumping Plant capacity
under other combinations of operational goals and with a high Sacramento River flow event
target.

Maximum combined 71-Year average annual benefits ~vith existing Banks Pumping Plant
capacity and low Sacramento River flow event target are attained with a maximum storage
volume of 5.0 mar, a facilities allocation factor of 75 percent, and Dry Period Supply
Operations for environmental water supply and Normal Period Supply Operations for
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agricultural and urban water supply. A net increase to 71-Year Average Annual
Environmental Delta Outflow of 142 taf and a net increase to 71-Year Average Annual
Agricultural and Urban Water Supply of 324 taf are achieved. Maximum combined
minimum annual benefits with existing Banks Pumping Plant capacity and low Sacramento
River flow event target are attained with a maximum storage volume of 3.5 mar and a
facilities allocation factor of 25 percent. Under these conditions, a net increase to Minimum
Annual Environmental Delta Outflow of 821 taf and net increase to Minimum Annual
Agricultural and Urban Water Supply of 375 taf are achieved. In comparison, reduced
71-Year environmental water supply and increased 71-Year average annual agricultural and
urban water supply benefits with expanded Banks Pumping Plant capacity and low
Sacramento River flow event target, a maximum storage volume of 5.0 maf, a facilities
allocation factor of 75 percent, and Dry Period Supply Operations for environmental water
supply and Normal Period Supply Operations for agricultural and urban water supply. A net
increase to 71-Year Average Annual Environmental Delta Outflow of 137 taf and a net
increase to 71-Year Average Annual Agricultural and Urban Water Supply of 401 tar are
achieved. Similarly, a net increase to Minimum Annual Environmental Delta Outflow of
775 taf and net increase to Minimum Annual Agricultural and Urban Water Supply of 275 taf
are achieved with a facilities allocation factor of 25 percent and a maximum storage volume
of 3.5 maf indicate reduced minimum annual environmental and agricultural and urban water
supply.

7. Adding any new storage facilities effects agricultural and urban water supply benefits due to
reductions in delivery of SWP Interruptible Supply water. Under terms of the Monterrey
Agreement, whenever project water is available for deliver5’ to SWP contractors that is not
neededfor fulfilling approved entitlement water deliveries or for meeting SWP operational
commitments, including storage goals for the current or following years, SWP contractors
may take delivery of these water supplies in proportion to their respective annual Table A
entitlement. For the purposes of this evaluation, delivery of SWP Interruptible Supply is
given last priority in relation to delivery and storage of environmental water, CVP contractual
water, and SWP table A entitlement water. Adding new storage capacity -- for either
environmental or agricultural and urban water supply purposes -- will reduce the availability
of unallocated surplus Delta water and thereby reduce the quantity of S~P Interruptible
Supply deliveries. If the new storage capacity is designated for agricultural and urban
purposes, this interruptible supply will be replaced by more reliable base contractual water
supply deliveries. If the new storage capacity is designated for environmental purposes, net
decreases are seen in total agricultural and urban water supply benefits.
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Figure NC-I

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Norma15000Periodcfs StorageSUpplYlnflow/OutflowOperati°n’ Ag Conveyance & Urban: NormalcapacityPeriod Supply Operation

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A. 71.YearAverage Annual
~nvlronmentil Delt~ O~tt’low

’ ~ _..L .......... !--.~, ....... 1 .....; _ L. -

Plot B, 71-Year Average Annual
Ag & Urban Water Supply Benefits
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Figure NC-2

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply O~mtlon, Ag & Urban: Normal Peric~l Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Expanded Banks PP Capaci~ and Low S.R. Flow Event Target

Plot A~ 71-Year Average Annual
Environmental Delt= Outflow

! t
¯

~’ .~.:.~ ........~,_. ..........~ ..........! ......

Plot B. 71-Year Aver-age Annual
Ag & U~an Water Supply Benefit~

~̄ "~!’. ......~ ...... ~ I I

Facilities Allocation Factor:
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Figure NC-3

Upstream of Delta Off-Stream Storage
Combined Environmental -- Ag & U~an Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage InflowlOufflow Conveyan~ Ca~cit~

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A. Minln’mm Amnual
Environmental Delta Outflow
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Plot B, Minimum Annual
Ag & Urban Water Supply Benefits
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-|
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--0% ...... 25% ~ ~ ..... 75% --100%
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|Figure NC.4

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dr~ Pedod Supply O~ration, Ag & Urban: Dr~ Per~ Supply Ol~retion
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Expanded Banks PP Capacity and Low S,R. Flow Event Target

Plot A. MInlmum Annual I
Environmental Delta Outflow

’
iii

O          500        1.000       1,500       2.000       2.500       3,000       3,5OO       4.000       4,500       5.000                                    I
M~xlmum Stontge Volume ~TAF)

Plot B~ Minimum Annual
Ag & Urban Water Supply Benefits                                                             I
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Facilities A~Joc~tion Factor:                                                                                                     I

--0% ...... 25% ~ ’5~% ...... 75% --t00%

Note 0% Facilities ~n Factor k~dk:~tes entlne sto~a~e ded~*.ated to envlmnmen~l water suppl..
I
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Figure NC-5

Upstream of Delta Off-Stmam Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Irdlow/Outflow Conveyance Capacity

With Existing Banks PP Capacity and Low SoR. Flow Event Target

Plot A. 7t-Year Average Annual
Environmental D~lta Outflow
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Plot B. Minimum Annual
Ag & Urban Water Supply Benefits
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Figure NC-6

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefit~

Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With F.~panded Banks PP Capaclt~ and Low S.R. Flow Event Target

Plot A. 71-Year Average ~nual
Env|ronmen~d Delta Ouffiow
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Ag & Urban Water Supply Benefits
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100% Fa~ht~es AY~:~ation F~c~or ~K:~es entire storage de~=cated to ag & uC~n watt"
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Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A~ Minimum Annual
Environmental I~lta Outflow

’

i . ........!.. .......

!
’,, .~, ,, ~

Maximum ~torage Volume (’tAFI

Plot B. 71.Year Average Annual
Ag & Urban Water Supply Benefits

Maximum Storage Volurn~ (TAF)
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Figure NC-8

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

With Expanded Banks PP Capacity and Low S.R. Flow Event Target

Plot A. Mln|mum Annual
Environmental Delta Outflow

3,500
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Plot B. 71-Year Average Annual
Ag & U~ban Water Supply Benefits
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Water Supply Benefits Versus Maximum Storage Volume and Facilities Allocation Factor
Model Runs
Maximum Storage volumes ranging from 100 tar to 5.0 mar and facilities allocation factors
ranging from 0 to 100 percent were varied in a set of model runs that simulated the sixteen
bracketing operation conditions described previously. The model input parameter sets associated
with each of the operation conditions were developed in previous sensitivity analyses for
separate environmental water supply operations and agricultural and urban water supply
operations for upstream of Delta off-stream storage facilities. The parameter sets for each of the
sixteen bracketing operation conditions are described in Table NC-3. The model runs completed
for each operation condition, maximum storage volume, and facilities allocation factor are
displayed in Table NC-4.

Evaluation
Tables NC-5 through 20 display the five statistical measures of total Environmental Delta
Outflow and Agricultural and Urban Water Supply achieved over the range of maximum storage
volumes and facilities allocation factors studied for each of the sixteen bracketing operation
conditions. Tables NC-21 through NC-36 display net increases in Environmental Delta Outflow
and Agricultural and Urban Water Supply for the same range of maximum storage volumes,
facilities allocation factors, and operational goals. For comparability, environmental water
supply results are measured using the Environmental Delta Outflow criteria (average of January
through June monthly Delta outflows up to 12,000 cfs) described previously. Agricultural and
urban water supply benefits are measured in terms of deliveries to combined south of Delta s~rp
and CVP contractors.

Figures NC-9 through NC-24 represent water supply benefits under each of the sixteen operation
conditions. Each figure includes six plots (Plots A through F) which display 71-Year annual
average, critical year annual average, and minimum annual statistical measures of both
Environmental Delta Outflow and Agricultural and Urban Water Supply benefits versus
maximum storage volumes. Each plot contains lines representing benefits under facilities
allocation factors of 0, 25, 50,75, and 100 percent. Evaluations for the sixteen operation
conditions are described below.
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Operation Condition l
Existing Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal: Normal Period Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Supply Operations

Tables NC-5 and NC-21 and Figure NC-9 display results for the existing Banks Pumping Plant
condition and low Sacramento River flow event target with Normal Period Supply Operations for
both environmental and agriculture and urban water supply. As shown in Figure NC-9 Plots A
and B, 71-Year Average Annual benefits vary inversely between environmental and agriculture
and urban purposes as the facilities allocation factor is adjusted between 0 and 100 percent. The
majority of combined benefits under all facilities allocation factors are attained with a maximum
storage volume of 2.0 mar, with diminishing incremental benefits for maximum storage volumes
between 2.0 and 5.0 maf. At 2.0 maf maximum storage volume, net increase in 71-Year Average
Annual Environmental Delta Outflow ranges between 488 and 0 taf and net increase in 71-year
Average Annual Agricultural and Urban Water Supply Benefits range between -15 and 266 tar
with facilities allocation factors varied between 0 and 100 percent. At 5.0 maf maximum storage
volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges between
589 and 0 taf and net increase in 71-year Average Annual Agricultural and Urban Water Supply
Benefits ranges between -17 and 333 taf with facilities allocation factors varied between 0 and
100 percent.

Under these Normal Period Supply Operations, varying effects are seen in Minimum Annual
Water Supply benefits for environmental and agricultural and urban purposes. Minimum Annual
Environmental Delta Outflow, as shov, aa in Figure NC-9 Plot E, is unaffected throughout the

of maximum storage volume and facilities allocation factors examined. However,ranges
Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure NC-9 Plot
F, increase slightly throughout the ranges of maximum storage volume and facilities allocation
factors examined. The majority of combined benefits under all facilities allocation factors are
attained with a maximum storage volume of 2.0 maf, with diminishing incremental benefits for
maximum storage volumes between 2.0 and 5.0 maf. At 2.0 mafmaximum storage volume, net
increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges between
0 and 441 tafwith facilities allocation factors varied from 0 to 100 percent. At 5.0 maf
maximum storage volume, net increase in Minimum Annual Agricultural and Urban Water
Supply Benefits ranges between 0 and 802 tar with facilities allocation factors varied from 0 to
1 O0 percent.

As shown in Table NC-21, a net loss in agricultural and urban water supply benefits occurs over
the range of facilities allocation factors between 0 and 75 percent. This occurs primarily due to a
decrease in SW-P Interruptible Supply deliveries. As environmental water supply operations
increase in magnitude and increasing amounts of surplus Delta water are shifted into
environmental storage, opportunities for delivery of SWP Interruptible Supply are diminished.
Note thatin thisevaluation, delivery of SWP Intermptible Supply is given last priority in relation
to delivery and storage of environmental water, CVP contractual water, and SWP Table A
entitlement water.

D--00661 7
D-006617



Preliminary Draft -- May 12, 1997 Page NC-25

Operation Condition 2
Existing Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Supply Operations

Tables NC-6 and NC-22 and Figure NC-10 display results for the existing Banks Pumping Plant
condition and low Sacramento River flow event target with Dry Period Supply Operations for
both environmental and agriculture and urban water supply. As shown in Figure NC- 10 Plots E
and F, minimum annual benefits vary inversely between and environmental and agriculture and
urban purposes as the facilities allocation factor is adjusted between 0 and 100 percent. The
majority of combined benefits under all facilities allocation factors are attained with a maximum
storage volume of 2.0 mar, x~th diminishing incremental benefits for maximum storage volumes
between 2.0 and 5.0 mar. At 2.0 maf maximum storage volume, net increase in Minimum
Annual Environmental Delta Outflow ranges between 821 and 0 tafand net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 736 taf with
facilities allocation factors varied between 0 and 100 percent. At 5.0 mar maximum storage
volume, net increase in Minimum Annual Environmental Delta Outflow ranges between 821 and
0 taf and net increase in Minimum Annual Agricultural and Urban Water Supply Benefits range
between 0 and 1,016 taf with facilities allocation factors varied between 0 and 100 percent.

Under these Dry Period Supply Operations, moderate effects are seen in 71-Year Annual
Water benefits for environmental and and urban 71-YearAverage Supply agricultural purposes.

Average Annual Environmental Delta Outflow, as shown in Figure NCo 10 Plot A, and 71-Year
Average Annual Agricultural and Urban Water Supply Benefits, as shown in Figure NC-10 Plot
B, increase slightly throughout the ranges of maximum storage volume and facilities allocation
factors examined. The majority of combined benefits under all facilities allocation factors are
attained with a maximum storage volume of 2.0 mar, with diminishing incremental benefits for
maximum storage volumes between 2.0 and 5.0 maf. At 2.0 maf maximum storage volume, net
increase in 71 -Year Average Annual Environmental Delta Outflow ranges between 189 and 0 tar
and net increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits
ranges between -19 and 194 tar with facilities allocation factors varied from 0 to 100 percent. At
5.0 maf maximum storage volume, net increase in 71-Year Average Annual Environmental Delta
Outflow ranges between 193 and 0 tafand net increase in 71-Year Average Annual Agricultural
and Urban Water Supply Benefits ranges between -19 and 256 taf with facilities allocation
factors varied from 0 to 100 percent.

As shown in Table NC-22, a net loss in agricultural and urban water supply benefits occur with a
facilities allocation factor of 0 percent. This occurs primarily due to a decrease in SWP
Interruptible Supply As water supply operations in magnitudedeliveries. environmental increase
and increasing amounts of surplus Delta water are shifted into environmental storage,
opportunities for deliver’ of SWP Interruptible Supply are diminished. Note that in this
evaluation, deliver3’ of SWP Interruptible Supply is given last priority in relation to delivery and
storage of environmental water. CVP contractual water, and SWP Table A entitlement water.
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Operation Condition 3
Existing Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal: Normal Period Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Supply Operations

Tables NC-7 and NC-23 and Figure NC-11 display results for the existing Banks Pumping Plant
condition and low Sacramento River flow event target with Normal Period Supply Operations for
environmental water supply and Dry Period Supply Operations for agriculture and urban water
supply. As shown in Figure NC-11 Plots A and B, 71-Year Average Annual Benefits vary
inversely between and environmental and agriculture and urban purposes as the facilities
allocation factor is adjusted between 0 and 100 percent. The majority of combined benefits
under all facilities allocation factors are attained with a maximum storage volume of 2.0 maf,
with diminishing incremental benefits for maximum storage volumes between 2.0 and 5.0 maf.
At 2.0 mar maximum storage volume, net increase in 71 -Year Average Annual Environmental
Delta Outflow ranges between 491 and 0 taf and net increase in 71-year Average Annual
Agricultural and Urban Water Supply Benefits ranges between -37 and 174 tar with facilities
allocation factors varied between 0 and 100 percent. At 5.0 mar maximum storage volume, net
increase in 71-Year Average Annual Environmental Delta Outflow ranges between 589 and 0 tar
and net increase in 71-year Average Annual Agricultural and Urban Water Supply Benefits
ranges between -38 and 236 taf with facilities allocation factors varied between 0 and
100 percent. These ranges for Agricultural and Urban Water Supply benefits are reduced in
comparison to Operation Condition 1, which included Normal Period Supply Operations for both
environmental water supply and agricultural and urban water supply.

Period Supply operations for Environmental Delta Outflow and Dr3’ PeriodUnderNormal
Supply Operations for Agricultural and Urban Water Supply Benefits, varied effects are seen in
Minimum Annual Water Supply Benefits. Minimum Annual Environmental Delta Outflow, as
shovm in Figure NC-11 Plot E, is unaffected throughout the ranges of maximum storage volume
and facilities allocation factors examined. However, Minimum Annual Agricultural and Urban
Water Supply Benefits, as shown in Figure NC-11 Plot F, increase throughout the ranges of
maximum storage volume and facilities allocation factors examined. At 2.0 maf maximum
storage volume, net increase in Minimum Annual Agricultural and Urban Water Supply Benefits
ranges between 0 and 644 taf with facilities allocation factors varied from 0 to 100 percent. At
5.0 maf maximum storage volume, net increase in Minimum Annual Agricultural and Urban
Water Supply Benefits ranges between 0 and 912 taf with facilities allocation factors varied from
0 to 100 percent. These ranges for Agricultural and Urban Water Supply benefits are reduced in
comparison to Operation Condition 2, which included Dry Period Supply Operations for both
environmental water supply and agricultural and urban water supply.

As shown in Table NC-23, a net loss in Agricultural and Urban Water Supply Benefits occurs
over the range of facilities allocation factors between 0 and 75 percent. As described earlier, the
decrease in 71-Year Average Annual Agricultural and Urban Water Supply is due to reduced
opportunities for SWP Interruptible Supply Deliveries as a result of shifting surplus Delta water
into environmental storage.
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Operation Condition 4
Existing Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Supply Operations

Tables NC-8 and NC-24 and Figure NC-12 display results for the existing Banks Pumping Plant
condition and low Sacramento River flow event target with Dry Period Supply Operations for
environmental water supply and Normal Period for and urbanSupplyOperations agriculture

water supply. As shown in Figure NC-12 Plots A and B, 71-Year Average Annual Benefits vary
inversely between and environmental and agriculture and urban purposes as the facilities
allocation factor is adjusted between 0 and 100 percent. The majority of combined benefits
under all facilities allocation factors are attained with a maximum storage volume of 2.0 maf,
with diminishing incremental benefits for maximum storage volumes between 2.0 and 5.0 mar.
At 2.0 mar maximum storage volume, net increase in 71-Year Average Annual Environmental
Delta Outflow ranges between 189 and 0 taf and net increase in 71-year Average Annual
Agricultural and Urban Water Supply Benefits ranges between 4 and 288 taf with facilities
allocation factors varied between 0 and 100 percent. At 5.0 mar maximum storage volume, net
increase in 71-Year Average Annual Environmental Delta Outflow ranges between 193 and 0 taf
and net increase in 71-year Average Annual Agricultural and Urban Water Supply Benefits
ranges between 4 and 357 tar with facilities allocation factors varied between 0 and 100 percent.
These ranges for Environmental Water Supply benefits are reduced in comparison to Operation
Condition 1, which included Normal Period Supply operations for both environmental water
supply and agricultural and urban water supply.

Under Period for Environmental Delta Outflow and Normal PeriodDr?’ Supplyoperations
Supply Operations for Agricultural and Urban Water Supply Benefits similar effects are seen in
Minimum Annual Average Water Supply Benefits for Environmental and Agricultural and
Urban purposes. Minimum Annual Environmental Delta Outflow, as shown in Figure NC-12
Plot E, and Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-I 2 Plot F, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. At 2.0 mar maximum storage volume, net increase in Minimum
Annual Environmental Delta Outflow ranges between 821 and 0 tar and net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 518 taf with
facilities allocation factors varied from 0 to 100 percent. At 5.0 mafmaximum storage volume,
net increase in Minimum Annual Environmental Delta Outflow ranges between 821 and 0 taf and
net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges between
0 and 802 tafwith facilities allocation factors varied from 0 to 100 percent. These ranges for
Environmental Water Supply benefits are similar in comparison to Operation Condition 2, which
included Dr)’ Period Supply operations for both environmental water supply and agricultural and
urban water supply. However, the ranges for Agricultural and Urban Water Supply benefits are
reduced in comparison to Operation Condition 2, which included Dr)’ Period Supply operations
for both environmental water supply and agricultural and urban water supply.
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Operation Condition 5
Expanded Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal." Normal Period Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Supply Operations

Tables NC-9 and NC-25 and Figure NC-13 display results for the expanded Banks Pumping
Plant condition and low Sacramento River flow event target with Normal Period Supply
Operations for both environmental and agriculture and urban water supply. As shown in Figure
NC-13 Plots A and B, 71-Year Average Annual Benefits vary inversely between and
environmental and agriculture and urban purposes as the facilities allocation factor is adjusted
between 0 and 100 percent. The majority of combined benefits under all facilities allocation
factors are attained with a maximum storage volume of 2.0 mar, with diminishing incremental
benefits for maximum storage volumes between 2.0 and 5.0 maf. At 2.0 maf maximum storage
volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges between
441 and 0 taf and net increase in 71-year Average Annual Agricultural and Urban Water Supply
Benefits ranges between -26 and 333 taf with facilities allocation factors varied between 0 and
100 percent. At 5.0 maf maximum storage volume, net increase in 71-Year Average Annual
Environmental Delta Outflow ranges between 548 and 0 taf and net increase in 71-year Average
Annual Agricultural and Urban Water Supply Benefits ranges bet-ween -31 and 400 tafwith
facilities allocation factors varied between 0 and 100 percent. These ranges of Agricultural and
Urban Water Supply benefits are increased in comparison with Operation Condition 1, which
included existing Banks Pumping Plant capacity. However, environmental water supply is
reduced in comparison with Operation Condition 1.

Under these Normal Period Supply Operations, varying effects are seen in Minimum Annual
Water Supply Benefits for Environmental and Agricultural and Urban purposes. Minimum
Annual Environmental Delta Outflow, as shown in Figure NC-13 Plot E, is unaffected
throughout the ranges of maximum storage volume and facilities allocation factors examined.
However, Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-12 Plot F, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. The majority of combined benefits under all facilities allocation
factors are attained with a maximum storage volume of 2.0 maf, with diminishing incremental
benefits for maximum storage volumes between 2.0 and 5.0 maf. At 2.0 maf maximum storage
volume, net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges
between 0 and 363 taf with facilities allocation factors varied from 0 to 100 percent. At 5.0 maf
maximum storage volume, net increase in Minimum Annual Agricultural and Urban Water
Supply Benefits ranges between 0 and 853 tar with facilities allocation factors varied from 0 to
100 percent.

As shown in Table NC-25, a net loss in Minimum Annual Agricultural and Urban Water Supply
Benefits occurs over the range of facilities allocation factors between 0 and 100 percent. This
occurs primarily due to a decrease in SW-P Interruptible Supply deliveries. As described earlier,
opportunities for delivery of SWP Interruptible Supply are diminished as increasing amounts of
surplus Delta water are shifted into environmental storage.
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Operation Condition 6
Expanded Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal." Dry Period Supply Operations

Tables NC-10 and NC-26 and Figure NC-14 display results for the expanded Banks Pumping
Plant condition and low Sacramento River flow event target with Dry Period Supply Operations
for both environmental and agriculture and urban water supply. As shown in Figure NC-14 P!ots
E and F, Minimum Annual Benefits vary inversely between and environmental and agriculture
and urban purposes as the facilities allocation factor is adjusted between 0 and 100 percent. The
majority of combined benefits under all facilities allocation factors are attained with a maximum
storage volume of 2.0 maf, with diminishing incremental benefits for maximum storage volumes
between 2.0 and 5.0 maf. At 2.0 mafmaximum storage volume, net increase in Minimum
Annual Environmental Delta Outflow ranges between 598 and 0 tar and net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 575 tar with
facilities allocation factors varied between 0 and 100 percent. At 5.0 maf maximum storage
volume, net increase in Minimum Annual Environmental Delta Outflow ranges between 821 and
0 taf and net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges
between 0 and 904 taf with facilities allocation factors varied between 0 and 100Thesepercent.
ranges are reduced in comparison with Operation Condition 2, which included existing Banks
Pumping Plant capacity.

Under these Dr3," Period Supply Operations, moderate effects are seen in 71-Year Annua!
Average Water Supply Benefits for Environmental and Agricultural and Urban purposes.
71-Year Average Annual Environmental Delta Outflow, as shown in Figure NC-14 Plot A, and
71-Year Average Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-14 Plot B, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. At 2.0 maf maximum storage volume, net increase in 71-Year
Average Annual Environmental Delta Outflow ranges between 187 and 0 taf and net increase in
71-Year Average Annual Agricultural and Urban Water Supply Benefits ranges between -51 and
187 taf with facilities allocation factors varied from 0 to 100 percent. At 5.0 mar maximum
storage volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges
between 197 and 0 taf and net increase in 71-Year Average Annhal Agricultural and Urban
Water Supply Benefits ranges between -54 and 236 tar with facilities allocation factors varied
from 0 to 100 percent. These ranges are slightly reduced in comparison with Operation
Condition which included Banks Plant2, existing Pumping capacity.

As showaa in Table NC-26, a net loss in Agricultural and Urban Water Supply Benefits occurs
over the range of facilities allocation factors between 0 to 100 percent. This occurs primarily due
to a decrease in SWP Interruptible Supply deliveries. As described earlier, opportunities for
delivery, of SWP Interruptible Supply are diminished as increasing amounts of surplus Delta
water are shifted into environmental storage.
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Operation Condition 7
Expanded Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal: Normal Period Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Supply Operations

Tables NC-11 and NC-27 and Figure NC-15 display results for the expanded Banks Pumping
Plant condition and low Sacramento River flow event target with Normal Period Supply
Operations for environmental water supply and Dry Period Supply Operations for agriculture and
urban water supply. As shown in Figure NC-15 Plots A and B, 71-Year Average Annual
Benefits vary inversely between and environmental and agriculture and urban purposes as the
facilities allocation factor is adjusted between 0 and 100 percent. The majority of combined
benefits under all facilities allocation factors are attained with a maximum storage volume of
2.0 maf, with diminishing incremental benefits for maximum storage volumes between 2.0 and
5.0 mar. At 2.0 mar maximum storage volume, net increase in 71 -Year Average Annual
Environmental Delta Outflow ranges between 448 and 0 tar and net increase in 71-year Average
Annual Agricultural and Urban Water Supply Benefits ranges between -79 and 161 tafwith
facilities allocation factors varied between 0 and 100 percent. At 5.0 mafmaximum storage
volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges be~reen
554 and 0 taf and net inc.rease in 71-year Average Annual Agricultural and Urban Water Supply
Benefits ranges between -82 and 215 taf with facilities allocation factors varied between 0 and
100 percent. These ranges for Agricultural and Urban Water Supply benefits are reduced in
comparison to Operation Condition 5, which included Normal Period Supply operations for both
environmental water supply and agricultural and urban water supply.

Under Normal Period Supply operations for Environmental Delta Outflow and Dry. Period
Supply Operations for Agricultural and Urban Water Supply Benefits, varied effects are seen in
Minimum Annual Water Supply Benefits. Minimum Annual Environmental Delta Outflow, as
shown in Figure NC-15 Plot E, is unaffected throughout the ranges of maximum storage volume
and facilities allocation factors examined. However, Minimum Annual Agricultural and Urban
Water Supply Benefits, as shown i.n Figure NC- 15 Plot F, increase throughout the ranges of
maximum storage volume and facilities allocation factors examined. The majority of combined
benefits under all facilities allocation factors are attained with a maximum storage volume of
2.0 maf, with diminishing incremental benefits for maximum storage volumes between 2.0 and
5.0 maf. At 2.0 maf maximum storage volume, net increase in Minimum Annual Agricultural
and Urban Water Supply Benefits ranges between 0 and 454 taf with facilities allocation factors
varied from 0 to 100 percent. At 5.0 maf maximum storage volume, net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 881 taf with
facilities allocation factors varied from 0 to 100 percent.

As shown in Table NC-27. a net loss in Minimum Annual Agricultural and Urban Water Supply
Benefits occur over the range of facilities allocation factors between 0 to 100 percent. This
occurs primarily due to a decrease in SWP Interruptible Supply deliveries. Opportunities for
deliver" of SWP Interruptible Supply are diminished as increasing amounts of surplus Delta
water are shifted into new storage.
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Operation Condition 8
Expanded Banks Pumping Plant Conditions and Low Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Supply Operations

Tables NC-12 and NC-28 and Figure NC-16 display results for the expanded Banks Pumping
Plant condition and low Sacramento River flow event target with Dry Period Supply Operations
for environmental water supply and Normal Period Supply Operations for agriculture and urban
water supply. As shown in Figure NC-16 Plots A and B, 71-Year Average Annual Benefits vary
inversely between and environmental and agriculture and urban purposes as the facilities
allocation factor is adjusted between 0 and 100 percent. The majority of combined benefits
under all facilities allocation factors are attained with a maximum storage volume of 2.0 mar,
with diminishing incremental benefits for maximum storage volumes between 2.0 and 5.0 mar.
At 2.0 maf maximum storage volume, net increase in 71-Year Average Annual Environmental
Delta Outflow ranges between 186 and 0 tafand net increase in 71-year Average Annual
Agricultural and Urban Water Supply Benefits ranges between 3 and 363 tar with facilities
allocation factors varied between 0 and 100 percent. At 5.0 maf maximum storage volume, net
increase in 7I-Year Average Annual Environmental Delta Outflow ranges between 197 and 0 tar
and net increase in 71-year Average Annual Agricultural and Urban Water Supply Benefits
ranges between 0 and 423 taf with facilities allocation factors varied between 0 and 100 percent.
These ranges for Environmental Water Supply benefits are reduced in comparison to Operation
Condition 5, which included Normal Period Supply operations for both environmental water
svpply and agricultural and urban water supply.

Under Dry Period Supply operations for Environmental Delta Outflow and Normal Period
Supply Operations for Agricultural and Urban Water Supply Benefits similar effects are seen in
Minimum Annual Average Water Supply Benefits for Environmental and Agricultural and
Urban purposes. Minimum Annual Environmental Delta Outflow, as shown in Figure NC-16
Plot E, and Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-16 Plot increase the of maximum volume and facilitiesF, slightlythroughout ranges storage
allocation factors examined. The majori~’ of combined benefits under all facilities allocation
factors are attained with a maximum storage volume of 2.0 maf, with diminishing incremental
benefits for maximum storage volumes between 2.0 and 5.0 maf. At 2.0 maf maximum storage
volume, net increase in Minimum Annual Environmental Delta Outflow ranges between 526 and
0 taf and net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges
between 0 and 434 tar with facilities allocation factors varied from 0 to 100 percent. At 5.0 maf
maximum storage volume, net increase in Minimum Annual Environmental Delta Outflow
ranges between 821 and 0 taf and net increase in Minimum Annual Agricultural and Urban
Water Supply Benefits ranges between 0 and 853 tafwith facilities allocation factors varied from
0 to 100 percent.

As shown in Table NC-28, no net losses in Agricultural and Urban Water Supply Benefits occurs
over the range of facilities allocation factors between 0 and 100 percent under these conditions.
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Operation Condition 9
Existing Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal: Normal Period Supply Operations
Agricultural and Urban Water Supply Goal." Normal Period Supply Operations

Tables NC-13 and NC-29 and Figure NC-17 display results for the existing Banks Pumping
Plant condition and high Sacramento River flow event target with Normal Period Supply
Operations for both environmental and agriculture and urban water supply. As shown in Figure
NC-17 Plots A and B, 71-Year Average Annual Benefits vary inversely between and
environmental and agriculture and urban purposes as the facilities allocation factor is adjusted
between 0 and 100 percent. The majority of combined benefits under all facilities allocation
factors are attained with a maximum storage volume of 2.0 maf, with diminishing incremental
benefits for maximum storage volumes between 2.0 and 5.0 marl At 2.0 maf maximum storage
volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges between
313 and 0 tafand net increase in 71-year Average Annual Agricultural and Urban Water Supply
Benefits ranges between -10 and 184 tar with facilities allocation factors varied between 0 and
100 percent. At 5.0 maf maximum storage volume, net increase in 71-Year Average Annual
Environmental Delta Outflow ranges between 438 and 0 taf and net increase in 71-year Average
Annual Agricultural and Urban Water Supply Benefits ranges between -11 and 240 taf with
facilities allocation factors varied between 0 and 100 percent. These ranges for Environmental
Delta Outflow and Agricultural and Urban Water Supply are reduced in comparison to Operation
Condition 1, which included a low Sacramento River flow event target.

Under these Normal Period Supply Operations, varying effects are seen in Minimum Annual
Water Supply Benefits for Environmental and Agricultural and Urban purposes. Minimum
Annual Environmental Delta Outflow, as shown in Figure NC-17 Plot E, is unaffected
throughout the ranges of maximum storage volume and facilities allocation factors examined.
However, Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-17 Plot F, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. At 2.0 maf maximum storage volume, net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 326 taf with
facilities allocation factors varied from 0 to 100 percent. At 5.0 mafmaximum storage volume,
net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges between
0 and 719 taf with facilities allocation factors varied from 0 to 100 percent. These ranges for
Environmental and Agricultural and Urban Water Supply benefits are reduced in comparison to
OperationCondition 1, which included a low Sacramento River flow event target.

As shown in Table NC-29, a net loss in Agricultural and Urban Water Supply Benefits occurs
over the range of facilities allocation factors between 0 and 100 percent. This occurs primarily
due to a decrease in SWP Interruptible Supply deliveries. Opportunities for deliver5’ of S~P
Interruptible Supply are diminished as environmental water supply operations increase in
magnitude and increasing amounts of surplus Delta water are shifted into new storage.
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Operation Condition l O
Existing Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Supply Operations

Tables NC-14 and NC-30 and Figure NC-18 display results for the existing Banks Pumping
Plant condition and high Sacramento River flow event target with Dry Period Supply Operations
for both environmental and agriculture and urban water supply. As shown in Figure NC-18 Plots
E and F, Minimum Annual Benefits vary inversely between and environmental and agriculture
and urban purposes as the facilities allocation factor is adjusted between 0 and 100 percent. The
majority of combined benefits under all facilities allocation factors are attained with a maximum
storage volume of 2.0 maf, with diminishing incremental benefits for maximum storage volumes
between 2.0 and 5.0 maf. At 2.0 mafmaximum storage volume, net increase in Minimum
Annual Environmental Delta Outflow ranges between 288 and 0 tar and net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 401 tar with
facilities allocation factors varied between 0 and 100 percent. At 5.0 maf maximum storage
volume, net increase in Minimum Annual Environmental Delta Outflow ranges between 288 and
0 tafand net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges
between 0 and 832 tafwith facilities allocation factors varied between 0 and 100 percent. These
ranges for Environmental and Agricultural and Urban Water Supply benefits are reduced in
comparison to Operation Condition 2, which included a low Sacramento River flow event target.

Under these Dr), Period Sqpply Operations, moderate e’ffects are seen in 71-Year Annual
Average Water Supply Benefits for Environmental and Agricultural and Urban purposes.
71 -Year Average Annual Environmental Delta Outflow, as shown in Figure NC- 18 Plot A, and
71-Year Average Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-18 Plot B, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. At 2.0 maf maximum storage volume, net increase in 71-Year
Average Annual Environmental Delta Outflow ranges between 146 and 0 taf and net increase in
71-Year Average Annual Agricultural and Urban Water Supply Benefits ranges between -18 and
117 taf with facilities allocation factors varied from 0 to 100 percent. At 5.0 maf maximum
storage volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges
between 163 and 0 taf and net increase in 71 -Year Average Annual Agricultural and Urban
Water Supply Benefits ranges between -18 and 165 tar with facilities allocation factors varied
from 0 to 100 percent. These ranges for Environmental and Agricultural and Urban Water
Supply benefits are reduced in comparison to Operation Condition 2, which included a low
Sacramento River flow event target.

As shown in Table loss in and Urban Water BenefitsNC-30,a net Agricultural Supply OCCurS

with a facilities allocation factor of 0 percent. This occurs primarily due to a decrease in SWP
Interruptible Supply deliveries. As described earlier, opportunities for deliver)’ of SWP
Interruptible Supply are diminished as increasing amounts of surplus Delta water are shifted into
environmental storage.
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Operation Condition 11
Existing Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal: Normal Period Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Supply Operations

Tables NC-15 and NC-31 and Figure NC-19 display results for the existing Banks Pumping
Plant condition and high Sacramento River flow event target with Normal Period Supply
Operations for environmental water supply and Dry Period Supply Operations for agriculture and
urban water supply. As shown in Figure NC-19 Plots A and B, 71-Year Average Annual
Benefits vary inversely between and environmental and agriculture and urban purposes as the
facilities allocation factor is adjusted between 0 and 100 percent. The majority of combined
benefits under all facilities allocation factors are attained with a maximum storage volume of
2.0 maf, with diminishing incremental benefits for maximum storage volumes between 2.0 and
5.0 maf. At 2.0 maf maximum storage volume, net increase in 71-Year Average Annual
Environmental Delta Outflow ranges between 313 and 0 tar and net increase in 71-year Average
Annual Agricultural and Urban Water Supply Benefits ranges between -33 and 108 tat" with
facilities allocation factors varied between 0 and 100 percent. At 5.0 mar maximum storage
volume, net increase in 7 !-Year Average Annual Environmental Delta Outflow ranges between
438 and 0 taf and net increase in 71-year Average Annual Agricultural and Urban Water Supply
Benefits ranges between -35 and 157 taf with facilities allocation factors varied between 0 and
100 percent. These ranges for Agricultural and Urban Water Supply benefits are reduced in
comparison to Operation Condition 9, which included Normal Period Supply operations for both
environmental water supply and agricultural and urban water supply. These ranges of 71-Year
average annual benefits for both environmental and agricultural and urban water supply are
reduced in comparison to Operation Condition 3. which included a low Sacramento River flow
event target.

Under Normal Period Supply operations for Environmental Delta Outflow and Dr5’ Period
Supply Operations for Agricultural and Urban Water Supply Benefits, varied effects are seen in
Minimum Annual Water Supply Benefits. Minimum Annual Environmental Delta Outflow, as
shown in Figure NC-19 Plot E, is unaffected throughout the ranges of maximum storage volume
and facilities allocation factors examined. However, Minimum Annual Agricultural and Urban
Water Supply Benefits, as shown in Figure NC- 19 Plot F, increase throughout the ranges of
maximum storage volume and facilities allocation factors examined. At 2.0 maf maximum
storage volume, net increase in Minimum Annual Agricultural and Urban Water Supply Benefits
ranges between 0 and 391 taf with facilities allocation factors varied from 0 to 100 percent. At
5.0 maf maximum storage volume, net increase in Minimum Annual Agricultural and Urban
Water Supply Benefits ranges between 0 and 831 taf with facilities allocation factors varied from
0 to 100 percent.

As shown in Table NC-31, a net loss in Agricultural and Urban Water Supply Benefits occurs
over a range of facilities allocation factors between 0 and 100 percent. This occurs primarily due
to a decrease in SWP Interruptible deliveries. Opportunities for SWP Interruptible Supply
Deliveries as a result of shifting surplus Delta water into new storage.
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Operation Condition 12
Existing Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Supply Operations

Tables NC-16 and NC-32 and Figure NC-20 display results for the existing Banks Pumping
Plant condition and high Sacramento River flow event target with Dry Period Supply Operations
for environmental water supply and Normal Period Supply Operations for agriculture and urban
water supply. As shown in Figure NC-20 Plots A and B, 71-Year Average Annual Benefits vary
inversely between and environmental and agriculture and urban purposes as the facilities
allocation factor is adjusted between 0 and 100 percent. The majority of combined benefits
under all facilities allocation factors are attained with a maximum storage volume of 2.0 maf,
with diminishing incremental benefits for maximum storage volumes between 2.0 and 5.0 maf.
At 2.0 maf maximum storage volume, net increase in 71-Year Average Annual Environmental
Delta Outflow ranges between 146 and 0 tafand net increase in 71-year Average Annual
Agricultural and Urban Water Supply Benefits ranges between 6 and 193 tar with facilities
allocation factors varied between 0 and 100 percent. At 5.0 maf maximum storage volume, net
increase in 71-Year Average Annual Environmental Delta Outflow ranges between 163 and 0 taf
and net increase in 71-year Average Annual Agricultural and Urban Water Supply Benefits
ranges between 6 and 248 taf with facilities allocation factors varied between 0 and 100 percent.
These ranges for Environmental Water Supply benefits are reduced in comparison to Operation
Condition 9, which included Normal Period Supply operations for both environmental water
supply and agricultural and urban water supply. These ranges of 71-Year average annual
benefits for both Environmental Delta Outflow and Agricultural and Urban Water Supply are
reduced in comparison to Operation Condition 4, which included a low Sacramento River flow
event target.

Under Dry Period Supply operations for Environmental Delta Outflow and Normal Period
Supply Operations for Agricultural and Urban Water Supply Benefits similar effects are seen in
Minimum Annual Average Water Supply Benefits for Environmental and Agricultural and
Urban purposes. Minimum Annual Environmenta! Delta Outflow, as shown in Figure NC-20
Plot E, and Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-20 Plot F, increase the of maximum volume and facilitiesslightly throughout ranges storage
allocation factors examined. At 2.0 mar maximum storage volume, net increase in Minimum
Annual Environmental Delta Outflow ranges between 288 and 0 taf and net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 326 tar with
facilities allocation factors varied from 0 to 100 percent. At 5.0 mafmaximum storage volume,
net increase in Minimum Annual Environmental Delta Outflow ranges between 288 and 0 taf and
net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges between
0 and 802 taf with facilities allocation factors varied from 0 to 100 percent. These ranges of
minimum annual benefits for both Environmental Delta Outflow and Agricultural and Urban
Water Supply are reduced in comparison to Operation Condition 4, which included a low
Sacramento River flow event target.
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Operation Condition 13
Expanded Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal: Normal Period Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Supply Operations

Tables NC-17 and NC-33 and Figure NC-21 display results for the expanded Banks Pumping
Plant condition and high Sacramento River flow event target with Normal Period Supply
Operations for both environmental and agriculture and urban water supply. As shown in Figure
NC-21 Plots A and B, 71-Year Average Annual Benefits vary inversely between and
environmental and agriculture and urban purposes as the facilities allocation factor is adjusted
between 0 and 100 percent. The majority of combined benefits under all facilities allocation
factors are attained with a maximum storage volume of 2.0 maf, with diminishing incremental
benefits for maximum storage volumes between 2.0 and 5.0 mar. At 2.0 mafmaximum storage
volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges between
304 and 0 taf and net increase in 71-year Average Annual Agricultural and Urban Water Supply
Benefits ranges between -18 and 237 taf with facilities allocation factors varied between 0 and
100 percent. At 5.0 maf maximum storage volume, net increase in 71-Year Average Annual
Environmental Delta Outflow ranges between 429 and 0 taf and net increase in 71-year Average
Annual Agricultural and Urban Water Supply Benefits ranges between -20 and 327 taf with
facilities allocation factors varied between 0 and 100 percent. These ranges for Environmental
and Agricultural and Urban Water Supply benefits are reduced in comparison to Operation
Condition 5, which included a low Sacramento River flow event target.

Under these Normal Period Supply Operations, varying effects are seen in Minimum Annual
Water Supply Benefits for Environmental and Agricultural and Urban purposes. Minimum
Annual Environmental Delta Outflow, as shown in Figure NC-21 Plot E, is unaffected
throughout the ranges of maximum storage volume and facilities allocation factors examined.
However, Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-21 Plot F, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. At 2..0 maf maximum storage volume, net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 363 taf with
facilities allocation factors varied from 0 to 100 percent. At 5.0 maf maximum storage volume,
net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges between
0 and 363 tafwith facilities allocation factors varied from 0 to 100 percent. These ranges for
Environmental and Agricultural and Urban Water Supply benefits are reduced in comparison to
OperationCondition 5, which included a low Sacramento River flow event target.

As shown in Table NC-33, a net loss in Minimum Annual Agricultural and Urban Water Supply
Benefits occur over the range of facilities allocation factors between 0 and 100 percent. This
occurs primarily due to a decrease in SWP Interruptible Supply deliveries. Opportunities for
delivery of SWP Interruptible Supply are diminished as increasing amounts of surplus Delta
water are shifted into new storage.
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Operation Condition ]4
Expanded Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Supply Operations

Tables NC- 18 and NC-34 and Figure NC-22 display results for the expanded Banks Pumping
Plant condition and high Sacramento River flow event target with Dry Period Supply Operations
for both environmental and agriculture and urban water supply. As shown in Figure NC-22 Plots
E and F, Minimum Annual Benefits vary inversely between and environmental and agriculture
and urban purposes as the facilities allocation factor is adjusted between 0 and 100 percent. The
majority of combined benefits under all facilities allocation factors are attained with a maximum
storage volume of 2.0 maf, with diminishing incremental benefits for maximum storage volumes
between 2.0 and 5.0 maf. At 2.0 mafmaximum storage volume, net increase in Minimum
Annual Environmental Delta Outflow ranges between 289 and 0 tar and net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 383 tar with
facilities allocation factors varied between 0 and 100 percent. At 5.0 mar maximum storage
volume, net increase in Minimum Annual Environmental Delta Outflow ranges between 289 and
0 taf and net increase in Minimum Annual Agricultural and Urban Water Supply Benefits range
between 0 and 810 tafwith facilities allocation factors varied between 0 and 100 percent. These
ranges for Environmental and Agricultural and Urban Water Supply benefits are reduced in
comparison to Operation Condition 6, which included a low Sacramento River flow event target.

Under these Dry Period Supply Operations, moderate effects are seen in 7" -Year Annual
Average Water Supply Benefits for Environmental and Agricultural and Urban purposes.
71-Year Average Annual Environmental Delta Outflow, as shown in Figure NC-22 Plot A, and
71-Year Average Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-22 Plot B, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. At 2.0 mar maximum storage volumE, net increase in 71-Year
Average Annual Environmental Delta Outflow ranges between 147 and 0 taf and net increase in
71-Year Average Annual Agricultural and Urban Water Supply Benefits ranges between -45 and
124 taf with facilities allocation factors varied from 0 to 100 percent. At 5.0 maf maximum
storage volume, net increase in 71-Year Average Annual Environmental Delta Outflow ranges
between 164 and 0 taf and net increase in 71-Year Annual and UrbanAverage Agricultural
Water Supply Benefits ranges between -45 and 171 tafwith facilities allocation factors varied
from 0 to 100 percent. These ranges for Environmental and Agricultural and Urban Water
Supply benefits are reduced in comparison to Operation Condition 6, which included a low
Sacramento River flow event target.

As shown in Table NC-34, a net loss in Minimum Annual Agricultural and Urban Water Supply
Benefits occur over the range of facilities allocation factors between 0 to 100 percent. This
occurs primarily due to a decrease in SWP Interruptible Supply deliveries. Opportunities for
deliver’ of SWP Interruptible Supply are diminished as increasing amounts of surplus Delta
water are shifted into new storage.
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Operation Condition ]5
Expanded Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal." Normal Period Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Supply Operations

Tables NC-19 and NC-35 and Figure NC-23 display results for the expanded Banks Pumping
Plant condition and high Sacramento River flow event target with Normal Period Supply
Operations for environmental water supply and Dry Period Supply Operations for agriculture and
urban water supply. As shown in Figure NC-23 Plots A and B, 71-Year Average Annual
Benefits vary inversely between and environmental and agriculture and urban purposes as the
facilities allocation factor is adjusted between 0 and 100 percent. The majority of combined
benefits under all facilities allocation factors are attained with a maximum storage volume of
2.0 maf, with diminishing incremental benefits for maximum storage volumes between 2.0 and
5.0 maf. At 2.0 mar maximum storage volume, net increase in 71-Year Average Annual
Environmental Delta Outflow ranges between 304 and 0 tafand net increase in 71-year Average
Annual Agricultural and Urban Water Supply Benefits range between -68 and 106 tar with
facilities allocation factors varied between 0 and 100 percent. At 5.0 mafmaximum storage
volume, net increase in 71 -Year Average Annual Environmental Delta Outflow ranges between
429 and 0 taf and net increase in 71-year Average Annual Agricultural and Urban Water Supply
Benefits range between -70 and 156 taf with facilities allocation factors varied between 0 and
100 percent. These ranges for Agricultural and Urban Water Supply benefits are reduced in
comparison to Operation Condition 13, which included Normal Period Supply operations for
both environmental water supply and agricultural and urban water supply. These ranges for
Environmental and Agricultural and Urban Water Supply benefits are reduced in comparison to
Operation Condition 7, which included a low Sacramento River flow event target.

Under Normal Period Supply operations for Environmental Delta Outflow and Dry Period
Supply Operations for Agricultui’al and Urban Water Supply Benefits, varied effects are seen in
Minimum Annual Water Supply Benefits. Minimum Annual Environmental Delta Outflow, as
shown in Figure NC-23 Plot E, is unaffected throughout the ranges of maximum storage volume
and facilities allocation factors examined. However, Minimum Annual Agricultural and Urban
Water Supply Benefits, as shown in Figure NC-23 Plot F, increase throughout the ranges of
maximum storage volume and facilities allocation factors examined. At 2.0 mafmaximum
storage volume, net increase in Minimum Annual Agricultural and Urban Water Supply Benefits
ranges between 0 and 383 tar with facilities allocation factors varied from 0 to 100 percent. At
5.0 maf maximum storage volume, net increase in Minimum Annual Agricultural and Urban
Water Supply Benefits ranges between 0 and 810 taf with facilities allocation factors varied from
0 to 100 percent.

As shown in Table NC-35, a net loss in Minimum Annual Agricultural and Urban Water Supply
Benefits occur over the range of facilities allocation factors between 0 to 100 percent. This
occurs primarily due to a decrease in SWP Interruptible Supply deliveries. Opportunities for
delivery of SWP Interruptible Supply are diminished as increasing amounts of surplus Delta
water are shifted into new storage.
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Operation Condition 16
Expanded Banks Pumping Plant Conditions and High Sacramento River Flow Event Target
Environmental Water Supply Goal: Dry Period Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Supply Operations

Tables NC-20 and NC-36 and Figure NC-24 display results for the expanded Banks Pumping
Plant condition and high Sacramento River flow event target with Dry Period Supply Operations
for environmental water supply and Normal Period Supply Operations for agriculture and urban
water supply. As shown in Figure NC-24 Plots A and B, 71-Year Average Annual Benefits vary
inversely between and environmental and agriculture and urban purposes as the facilities
allocation factor is adjusted between 0 and 100 percent. The majority of combined benefits
under all facilities allocation factors are attained with a maximum storage volume of 2.0 mat’,
with diminishing incremental benefits for maximum storage volumes between 2.0 and 5.0 maf.
At 2.0 mar maximum storage volume, net increase in 71-Year Average Annual Environmental
Delta Outflow ranges between 147 and 0 taf and net increase in 71-year Average Annual
Agricultural and Urban Water Supply Benefitsbetween 6 and 255 taf with facilitiesranges
allocation factors varied between 0 and 100 percent. At 5.0 mar maximum storage volume, net
increase in 71-Year Average Annual Environmental Delta Outflow ranges between 164 and 0 taf

net increase in 71-year Average Annual Agricultural and UrbanSupply Benefitsand Water
ranges between 6 and 342 tafwith facilities allocation factors varied between 0 and 100 percent.
These ranges for Environmental Water Supply benefits are reduced in comparison to Operation
Condition 13, which included Normal Period Supply operations for both environmental water
supply and agricultural and urban water supply. These ranges for both environmental water
supply and agricultural and urban water supply benefits are reduced in comparison to Operation
Condition 8, which included low Sacramento River flow event target.

Under Dry Period Supply operations for Environmenta! Delta Outflow and Normal Period
Supply Operations for Agricultural and Urban Water Supply Benefits similar effects are seen in
Minimum Annual Average Water Supply Benefits for Environmental and Agricultural and
Urban purposes. Minimum Annual Environmental Delta Outflow, as shown in Figure NC-24
Plot E, and Minimum Annual Agricultural and Urban Water Supply Benefits, as shown in Figure
NC-24 Plot F, increase slightly throughout the ranges of maximum storage volume and facilities
allocation factors examined. At 2.0 maf maximum storage volume, net increase in Minimum
Annual Environmental Delta Outflow ranges between 289 and 0 taf and net increase in Minimum
Annual Agricultural and Urban Water Supply Benefits ranges between 0 and 363 taf with
facilities allocation factors varied from100 5.0 maf maximum0to percent.At storagevolume,
net increase in Minimum Annual Environmental Delta Outflow ranges between 289 and 0 tat" and
net increase in Minimum Annual Agricultural and Urban Water Supply Benefits ranges between
0 and 363 tafwith facilities allocation factors varied from 0 to 100 percent.

As shov~na in Table NC-36, no net losses in Agricultural and Urban Water Supply Benefits occurs
over the range of facilities allocation factors between 0 and 100 percent under these conditions.
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Table NC-3

Upstream of Delta Off-Stream Storage
Selected Parameter Sets for Bracketing Operational Conditons

!

1. Existing Banks Pumping Plant Capaci~ 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 200 taf Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 400 taf Unmet Demand Target Factor = 100%
Environmental Storage: Normal Period Supply Operation Jan-Jun Outflow Demand Target = 15,000
Ag & Urban Storage: Normal Period Supply Operation Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

2. Existing Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 200 taf Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 400 taf Unmet Demand Target Factor = 100%
Environmental Storage: Dry Period Supply Operation Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 50%

Unmet Demand Target = SWP-only

3. Existing Banks Pumping Plant Capacity 5,000 cfs Intlow/Outt]ow Capacity
S.R. Flow Event (1 month) Target = 200 tar Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 400 taf Unmet Demand Target Factor = 100%
Environmental Storage: Normal Period Supply Operation Jan-Jun Outflow Demand Target = 15,000
Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 50%

Unmet Demand Target = SWP-only

4. Existing Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 200 taf Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 400 taf Unmet Demand Target Factor = 100%
Environmental Storage: Dry Period Supply Operation Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage: Normal Period Supply Operation Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

NC_RVSM.XLS: Conditions Table 1
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Table NC-3 (Continued)
Upstream of Delta Off-Stream Storage

Selected Parameter Sets for Bracketing Operational Conditons

|i 5. Expanded Banks Pumping Plant Capacity 5,000 cfs Inflow/Ouffiow Capacity

I S.R. Flow Event (1 month) Target = 200 taf Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 400 tar Unmet Demand Target Factor = 100%

| Environmental Storage: Normal Period Supply Operation Jan-Jun Outflow Demand Target = 15,000 cfs
| Ag & Urban Storage: Normal Period Supply Operation Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

I 6. Expanded Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
! S.R. Flow Event (1 month) Target = 200 taf Env. Storage Carryover Factor = 0%
1~ S.R. Flow Event (2 month) Target = 400 taf Unmet Demand Target Factor = 100%

I Environmental Storage: Dry Period Supply Operation Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 30%

~ Unmet Demand Target = SWP-only

I
7. Expanded Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity

S.R. Flow Event (1 month) Target = 200 taf Env. Storage Carryover Factor = 0%
S.Ro Flow Event (2 month) Target = 400 taf Unmet Demand Target Factor = 100%
Environmental Storage: Normal Period Supply Operation Jan-Jun Outflow Demand Target = 15,000 cfs

i Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 30%
Unmet Demand Target = SWP-only

I
8. Expanded Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity

S.R. Flow Event (I month) Target = 200 taf Env. Storage Carryover Factor = 0%

I S.R. Flow Event (2 month) Target = 400 taf Unmet Demand Delivery Factor = 100%
Environmental Storage: Dry Period Supply Operation Jan-Jun Outltow Demand Target = 9,000 cfs
Ag & Urban Storage: Normal Period Supply Operation Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

NC_RVSM.XLS: Conditions Table 2
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Table NC-3 (Continued)
Upstream of Delta Off-Stream Storage

Selected Parameter Sets for Bracketing Operational Conditons

9. Existing Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 1,500 tar Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 2,650 taf Unmet Demand Target Factor = 100%
Environmental Storage: Normal Pedod Supply Operation Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage: Normal Period Supply Operation Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

10. Existing Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 1,500 taf Env. Storage Carryover Factor = 20%
S.R. Flow Event (2 month) Target = 2,650 taf Unmet Demand Target Factor = 100%
Environmental Storage: Dry Period Supply Operation Jan-Jun Outflow Demand .Target = 9,000 cfs
Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 50%

Unmet Demand Target = SWP-only

11. Existing Banks Pumping Plant Capacity 5,000 cfs InflowlOutflow Capacity
S.R. Flow Event (1 month) Target = 1,500 taf Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 2,650 tar Unmet Demand Target Factor = 100%
Environmentat Storage: Normal Period Supply Operation Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 50%

Unmet Demand Target = SWP-only

12. Existing Banks Pumping Plant Capacity 5,000 cls Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 1,500 tar Env. Storage Carryover Factor = 20%
S.R. Flow Event (2 month) Target = 2,650 taf Unmet Demand Target Factor = 100%
Environmental Storage: Dry Period Supply Operation Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage: Normal Period Supply Operation Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

NC_RVSM.XLS: Conditions Table 3                                                                                                                ~
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Table NC-3 (Continued)
Upstream of Delta Off-Stream Storage

Selected Parameter Sets for Bracketing Operational Conditons

la. Expanded Bank~ Pumping Plant Capa~ty 5,000 oI~ Inflow/Ou~ow Capa~ty
S.R. Flow ~vent (~ month) Target -- ~,600 ~I Env. Storage Cam/~ver Pa~or ~ 0%
S.R. Flow Event (2 month) Target = 2,650 tar Unmet Demand Target Factor = 100%
Environmental Storage: Normal Period Supply Operation Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage: Normal Period Supply Operation Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

14. Expanded Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 1,500 tar Env. Storage Carryover Factor = 20%
S.R. Flow Event (2 month) Target = 2,650 taf Unmet Demand Target Factor = 100%
Environmental Storage: Dry Period Supply Operation Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 30%

Unmet Demand Target = SWP-only

15. Expanded Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 1,500 tar Env. Storage Carryover Factor = 0%
S.R. Flow Event (2 month) Target = 2,650 tar Unmet Demand Target Factor = 100%
Environmental Storage: Normal Period Supply Operation Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage: Dry Period Supply Operation Ag & Urban Storage Carryover Factor = 30%

Unmet Demand Target = SWP-only

16. Expanded Banks Pumping Plant Capacity 5,000 cfs Inflow/Outflow Capacity
S.R. Flow Event (1 month) Target = 1,500 taf Env. Storage Carryover Factor = 20%
S.R. Flow Event (2 month) Target = 2,650 tar Unmet Demand Delivery Factor = 100%
Environmental Storage: Dry Period Supply Operation Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage: Normal Period Supply Operation ’ Ag & Urban Storage Carryover Factor = 0%

Unmet Demand Target = SWP & CVP

NC_RVSM.XLS’ Conditions Table 4
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Table NC.4.

Upstream of Delta Off.Stream Storage
Model Runs fo~" Evaluation of Maximum Reservoir Volume and Facllitias AtlocatJon Factor

|

¯

|
|

|
!

|
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Table NC,4 (Continued)

Upstream of Dalta Off-Stream Storag~
Model Runs for Evaluation of Maximum Reservoir Volume and Facilities Allocation Factor
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Table NC-5

Upslream of Di|b Off-Stream Storagl I
To~! Combined En~ronmen~l and Ag & U~ban
Water Supply Benefits versus Storage V~uma

Environmental: Normal Period Supply OparstJon, AO & Urban: Normal Pedod Supply Oparat~on
5000 cfs Storage InflowK)utflow Conveyance Capacity

With Existing Banks PP Capacity and Low S. R. Row Event Target

!
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Table NC-6

Upstream of Delta Off-Stream Storage
Total Combined Environmental and Ag & Urban
Water ~;upply Beneftt~ versus Storage Volume

Environmental: Dry Period Supply OperstJon~ Ag & Urban: Dry Period Supply Ope~tfon
5000 cf~ Sto~age InflowlOutflow Conveyance Capacity

With Existing Banks PP Capacity and Low S.I~ Flow Event Target
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Table NC-9

Upstream of Delta Off-Stream Storage
Total Combined Envtronmerrlal and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Non.el Period Supply Operation, Ag & Urban: Normal Pedod Supply Operation
5000 cfs Storage lnflowlOutflow Corweyance Capacity

With Expanded Banks PP Capacity and Low S. R. Row Event Target

(Values in thousands of ac~-fee()
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Table NC-10

Upstream of Delta Off-Stream Storage
Total Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Dry Period Supply Op~raUon, Ag & Urban: D;3r Pedod Supply Operation
5000 cfs Storage Inflow/Ouff’K~w Convmjance Capacity

W~th Expanded Banks PP Capacity and Low Sacramento River Row Event Target
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Table NC-11
=

Upstream of Dslta Off.St~eam Storage
Total Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Envlronmantah Nom~l Pedod Supply Oparatlon, Ag & Urban: Dry Psdod Supply OperaUon
5000 cfs Storaga h~owlOutflow Conveyance Capacity

With Expanded Banks PP Capacity and Low S. R. Row Event Target

(Values in thous.~ds of

I
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Tab|e NC-12

Upstream of Delta Off-Stream Storage
Total Combined F.nvironmen~al and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage Inflows’Outflow Conveyance Capacity

With Expandsd Banks PP Capac{b~ and Low S. R. Flow Ev~t Tsrgat

(ValL~S i~ thousands of ~ne-fee~)

{
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Table NC-13

Upstream of Delta Off-Stream ~to~age
Total Combined Environmental and Ag & Urban
Water Supply Benefl~ versus Sto~age Volume

Supply Operation, Ag & Urban: Normal Period Supply OperationEnvironmental: Normal Period
5000 c~ Storage InflowlOufflow Conveyance Capacity

With Existing Banks PP Capacity and High S, R. Flow Event Target

(Value~ in thom, a~d$ of acte-fee~)

!
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Table NC-14

Upstream of Delta Off.Stream Storage
Tote! Combined Environmental and Ag & Urban
Water Supply Beneflt:~ veraue Stor=ge Volume

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Out~ow Conveyance Capacity

W~th Existing Banks PP Capacity and High S,R~ Row Event Target

(Value~ in thorn.and= of acre-feet)
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Table NC-t5

Upstream of Delta Off-Stream Storage
Total Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Envlronmontal: Normal Period Supply Operation, Ag & Urban: Dry Pedod Supply Operation
5000 cf$ Storage InflowlOuUtow Conveyance Capacity

With Existing Bank,= PP Capacity and High S.P. Row Event Target

(Values in thOL~ands of acre-feet)

" : ~=~ . .-~-~I~-~--* .... . :~,~/~,,J,a~m,~.~ ;~::~ ~:~*~.~-.~ .~-.: ~:
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T=,bl,e NC-16

Upatr~am of Delta Off-Stream Storage
Total Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental; Dry Period Supply Operation, Ag & Urban: Normal Period Supply Opera~on
5000 cf= Storage InflowlOuffiow Com/eyanca Capacity

With Existing Banks PP Capacity and High S.R. Flow Event Target

(Vak~es tn tJ~ousar~ls of a~- feet)

|=m~ : ~ ~"~.:,~.,~-~c~:~_~..,~ :~.,h-~s~. ~c~ ~c~sI v~- I ~,,t,~~ I
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Table NC-17

Upstream of Delta Off-Stream Storage
Total Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Env|ror~mental: Normal Period Supply Operatfon, Ag & Urban: Norma| Period Supply Operation
5000 cfs Storage InflowlOuffiow Conveyance Capacity

With Expanded Banks PP Capacity and High S. R. Flow Event Target
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~ Table NC-18

Upstream of Delta Off-Stream Storage
Total Combined Envlrormmntai and Ag & Urban
Water Supply Bsn~flt= versus Storage Volume

i’ Envlronmentah Dry Pedod Supply Operation, Ag & Urban: Dry Period Supply Operation

I 5000 cf= Stooge InflowlOufflow Conveyance Capacity
With Expanded Banks PP Capacity and High Sacramento River Row Event Target

, (Values in thousa~= of acre-feet)
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Table NC-t9

Upstream of Dolta Off.,S~aam Storage
Total Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Normal Period Supply Oparsf.lon, Ag & Urban: Dry Period Supply OparaUon
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Ex.pandad Banks PP Capacity and High S. R. Row Event Target

(Values l~ tho~sand~ of ac~- feet}
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TablB NC-20

Upstream of Delta Off-Stream Storage
Total Combln~l Em, lronmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Dry Period Supply Operation, Ag & Ud)an: Normal Padod Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

W~t~ Expanded Banks PP Capacity and High S. R. F~ow Event Target

(Va~Jes in thousands of acre- feet)
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Table NC-26

Upstream of Delt~ Off-Stream Storage
Net Combined Environment! and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmenta!: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

W~th Expanded Banks PP Capacity and Low Sacramento River Flow Event Target

(Values in thousands of ac~e-feet)
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Table NC-34

Upstream of Delta Off-Stream Storage
Net Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow!Ouffiow Conveyance Capaclty

With Expanded Banks PP Capacity and High Sacramento River Flow Event Target

(Values in thousands of acre-feet)
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Table NC-36

of Delta Off-StreamUpstream Storage
Net Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage lnflow/Outflow Conveyance Capacity

With Expanded Banks PP Capacity and High 8. R. Row Event Target

(Values in thousands of acre-feet)

|

|

71oyeat Average 32 96 142 165 185 198 211 224 235 24~ 260
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Figure NC-9

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOuffiow Conveyance Capacity

With Existing Banks PP Capacity and Low S. R. Flow Event Target

Plot A. 7t-Year Average Annual Plot B, 71-Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits
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Upstream of Delta Off,~tr~am Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Infl~/Ouffiow Conveyan~ Capecity

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A. 71-Year Average Annual Plot B. ?1.Year Average Annual

4,10o

invlronmental DeRa Outflow!

Ag & Urban Water Supply Benefits
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Figure NC-tt

Upstream of Delta Off-Stream Storage I
Combined Envlronmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation iI
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A. 71-Y~ar Average Annual Plot B. 71-Year Average Annual 1
Environmental Delta Outflow Ag & Urt}an Water Supply Benefits

°"~

3.7oo 5.7oo

I

Plot C, Critical Year Average Annual Plot D. Critical Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits I
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Figure NC-12

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Period Supply Operation, Ag & Urban: Normal Period Supply OperationDry
5000 cfs Storage InflowlOutflow Conveyance Capacity

With Existing Banks PP Capacity and Low S.R. Flow Event Target

Plot A. 71-Year Average Annual Plot B, 7t-Year Average Annual
Environmental Delta Outflowi

Ag & Urban ~ater Supply Benefits
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Figure NC-t3

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Expended Banks PP Capacity and Low S. R. Flow Event Target

Plot A. 71-Year Average Annual Plot B. 71-Year Average Annual

Environmental Delta Outflow Ag & Urban Water Supply Benefita
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Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Expanded Banks PP Capacity and Low Sacramento River Flow Event Target

Plot A. 71-Year Average Annual Plot B. 71-Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

4.300

0 1.000 2,000 3.000 4,000 5.000 0 1,000      2.000 3.000 4,000 5,000

M=xlmurn Storage Volume (TAF) Maximum Storage Volume (TAF)

Plot C. Critical Year Average Annual Plot D. Critical Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

2,500 ’                                              ~ 2,500 t
0 1,0OO    2,00~    3.000    4,000 5,000 0 1,000    2,000    3,000    4.00<~ S.0OO

Mxximum Storage Votgme (TAF) Maximum Storage Volume (TAF)

Plot Eo Minimum Annual Plot F. Minimum Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

M+ximum Storage Volmme (TAF) M~ximum Storaga Volume

FacJhttes Allocation Factor:

-- 0% ...... 25% .... 50% ...... 75% -- 100%

D--006676
D-006676



Preliminary Draft-- May 12, 1997 Page

Figure NC-15

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Envlronmentah Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Oufflow Conveyan~ Ca~city

With Expanded Banks PP Capacity and Low S. R. Flow Event Target

Plot A. 71-Y~ar Average Annual Plot B. 7t-Year Average Annual
Envlronmenta~ De~ts Outflow Ag & Urban Water Supply Benefits

6.800
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Plot C, Critical Year Average Annual Plot D, Critical Year Average
Env~ronmenta! Delta Outfow Annual

Ag & Urban Water Supply Benefits
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Plot E. Minimum Annual Plot F. Minimum Annual
Environmenta! De/ta Outflow Ag & Urban Water Supply
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FaciI~t~es AJlocabon Factor:

D--006677



Preliminary Draft -- May 12, 1997 Page NC-85

Figure NC-I 6

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOuffiow Conveyan~ Capacity

With Expanded Banks PP Capacity and Low S. R. Flow Event Target

Plot A. 71-Year Average Annual Plot B, 71-Year Average Annual
Environmental Delta Ouffiow Ag & Urban Water Supply Benefits
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Figure NC-17

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: .Normal Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyanc~ Capecity

With Existing Banks PP Capacity and High S. R. Flow Event Target

Plot A. 71-Year Average Annual Pk~t B. 71-Year Avorage Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits
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Figure NC-18

Upstream of Delt~ ~-Sta~am Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dr~ Pedod Supply Operation, Ag & Urban: Dt~ Period Supply Ol:~ration
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Existing Banks PP Capacity and High S.R. Flow Event Target

Plot A. 7t-Year Average Annual P~ot Bo 71-Year Average Annual
Environmental Delta Outflow Ag & Urban Watt’ Supply Benefits
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P|otC~ Critk:al Year Average Annual PlotD, C~lt|cal Year Ave~ge
Environmental Delta Outflow Annual

4,50~ ...........
, 4,500

A~ & Urban Water Supply Benefits

2.5~3~

IA~ximum Storage Volum~ (TAF) Mmdmum Storage Volume (TAFt

PlotE. M|nimumAnnual PlotF. M|nlmumAnnual
Environmental Delta Outflow Ag & Urban Water Supply
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Figure NC-19

Upstream of Delta Off-Straam Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

With Existing Banks PP Capacity and High S.R. Flow Event Target

Plot A. 7t-Year Average Annual Plot B. 71-Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

Plot C. Critical Year Average Annual Plot D. Critical Year Average
Environmental Delta Outflow Annual

Ag & Urban Water Supply Benefits

: .....

Plot E. Minimum Annual Plot F. Minimum Annual
Environmental Delta Outflow Ag & Urban Water Supply

Benefits
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Facilities Allocation Factor:
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Figure NC-20

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity ¯

With Existing Banks PP Capacity and High S,R. Flow Event Target

Plot A. 7f-Year Average Annual P~ot B. 71.Year Average Annua!
Environmental Delta Outflow Ag & Urban Water Supply Denef’ds
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Environmental Delta Outflow Ag & Urban Water Supply Benefits

Plot E. Minimum Annual Plot F. Minimum Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits
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Figure NC-21

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyance Capacity

With Expanded Banks PP Capacit3" and High S. R. Flow Event Target

Plot A. 71-Year Average Annual Plot B. 71-Year Average Annual
Environmental Deft= Outflow Ag & Ud~n Water Supply Benefits

Plot C. Critical Year Average Plot D. Critical Year Average
Annual

Annual, t

Environmental Delta Outflow Ag & Urt~n Water Supply

Plot E. Minimum Annual Ptot F. Minimum Annual
Environmental Delta Outflow Ag & Urban Water Supply
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Figure NC-22

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Expanded Banks PP Capacity and High Sacramento River Flow Event Target

PlotA. 71-Year Average Annual Plot B. 71-Y~arAverageAnnua!
Environmental Delta Outflow Ag & Urt~n Water Supply Benefits
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Figure NC-23

Upstream of Delta Off-Stream Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
5000 cfs Storage Inflow/Outflow Conveyance Capacity

With Expanded Banks PP Capacity and High S. R. Flow Event Target

Plot A. 71-Year Average Annual Plot B. 71.Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits
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Figure NC-24

Upstream of Delta Off-Stream Storage
Combined Environmental .- Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
5000 cfs Storage InflowlOutflow Conveyanc~ CapaciW

With Expanded Banks PP Capacity and High S. R. Flow Event Target

Plot A. 71-Year Average Annual Plot B. 71.Year Average Annual
Environmental Delta Outflow A4] & U~an Water Supply Benefits
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Initial Sensitivity Evaluation of Operational Parameters and Storage Capacities
Using the CALFED Post-Processing Operations Model

South of Delta Off-Aqueduct Storage Facilities

EVALUATION     COMBINED ENVIRONMENTAL -- AGRICULTURAL AND URBAN WATER SUPPLY

Introduction
Environmental water supply benefits from new south of Delta storage facilities would be
achieved by instituting an exchange with south of Delta agricultural and urban water users. Delta
water would be diverted to new storage facilities during times of high flows and concurrent low-
impacts to the Delta ecosystem. Under the exchange arrangement, stored water would be
released from the new storage facilities to meet existing downstream agricultural and urban water
supply needs. In return, agricultural and urban water users would forego a like amount of
exports that would have occurred from the Delta. This exchange would take place when
additional flows were needed for environmenta! purposes in the Delta.

Agricultural and urban water supply benefits from new south of Delta storage facilities would be
achieved in a similar manner. As described above, Delta water would be diverted for storage
during times of high flows and concurrent low-impacts to the Delta ecosystem. This stored water
would be released directly for use during periods of need. As opposed to storage releases for
environmental purposes, there would be no direct exchange for increased Delta flows through
new limits in Delta pumping. The capacity of the new storage facility, rules governing
diversions into storage, and operational goals (e.g. maximum normal period supply or maximum
dry period supply) all affect the magnitude of potential water supply benefits for environmental
or agricultural and urban purposes.

The CALFED spreadsheet operations model was used to evaluate effects of various operational
rules and physical capacities of new south of Delta storage facilities on potential combined
environmental -- agricultural and urban water supply benefits. In preceding studies, separate
evaluations conducted to benefits from south of Delta facilitieswere identifypotential storage
dedicated to environmental water supply and agricultural and urban water supply. In. each of
these studies, four sets of parameters were developed which collectively bracket ranges of
potential operations. These four sets of parameters define two operational goals implemented
under two external conditions.

The first operational goal modeled is to maximize supplies over normal hydrologic periods. This
goal is achieved by imposing no storage carryover requirement and releasing water from storage
whenever unmet demand exists. A by-product of this type of operation is that supplies in storage
are often depleted when entering critically dry periods. The second operational goal is to
maximize supplies in the driest years of normal hydrologic sequences. This goal is achieved by
imposing carryover requirements or limiting the amount of water delivered from storage in any

D--00~88
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given year. While this type of operation usually results in relatively larger quantities of water in
storage for use during extended dry periods, overall long-term water deliveries are diminished.

The two external conditions considered in this evaluation address the capacity of Banks Pumping
Plant, the State Water Project Delta pumping facility. Capacity of Banks Pumping Plant
significantly affects storage operations under both the normal period supply and dry period
supply operational goals considered in this evaluation. Under the first external condition,
existing Banks Pumping Plant capacity is assumed. Under the second external condition, an
expanded Banks Pumping Plant capacity as proposed in the Department of Water Resources
South Delta Improvements Plan is assumed.

Because either environmental or agricultural and urban storage could be operated for either
Normal Period Supply or Dry Period Supply, a total of eight operation conditions were evaluated
in this study. These eight operation conditions, defined by the two operational goals for each
water supply type under the two Banks Pumping Plant capacities, are described in Table SC-1.

In this evaluation, a facilities allocation factor was used to direct the portion of storage capacity
and inflow/outflow conveyance capacity dedicated to environmental water supply and
agricultural and urban water supply purposes. This facilities allocation factor was defined such
that 0 percent indicates all facilities are dedicated to environmental purposes while 100 percent
indicates that all facilities are dedicated to agricultural and urban water supply purposes. Any
factor ranging from 0 to 100 percent may be input into the model. Under the assumptions built
into the model, the storage capacity for either purpose (total capacity multiplied by the
appropriate facilities allocation factor) always remains dedicated to that purpose alone. On the
other hand, the inflow/outflow conveyance capacity for either purpose is only dedicated as a fn’st
priority to that purpose. If conveyance capacity dedicated to either environmental or agricultural
and urban purposes is not in use, it may be employed for the other purpose. To evaluate
combined environmental - agricultural and urban water supply operations, the parameter sets for
the eight operation conditions described in Table SC-1 were employed to estimate water supply
benefits under facilities allocation factors of 0, 25, 50, 75, and 100 percent and maximum storage
capacities ranging from 1 O0 taf to 3.0 maf.

As described in previous evaluations, in these studies a minimum Delta outflow target of
12,000 cfs for the months of January through June is used as a surrogate for environmental water
demands. Because the CALFED spreadsheet operations model uses a monthly time step, more
detailed evaluation of flows is not possible with this tool. However, in actual operation, the
volume of water released from storage towards the 12,000 cfs target might be used to create
higher pulses of flow for shorter durations, if this operation was deemed more environmentally
beneficial.

Using this target minimum Delta outflow surrogate approach, environmental water supply
benefits are measured in this evaluation by averaging monthly flow rates up to a maximum of
12,000 cfs for January through June of each water year. Any flow above 12,000 cfs is not
counted as part of the environmental water supply benefits. Note that the result of this
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Table SC-1
Bracketing Operational Conditions

Condition Description

1 E.xisting Banks Pumving Plant Capacity
Environmental Storage: Normal Period Suvolv Overation
Agricultural and Urban Storage: Normal Period Supply Operation
This condition assumes that diversions to south of Delta storage are limited by
existing Banks Pumping Plant capacity and that both environmental storage and
agricultural and urban storage is operated to provide maximum supplies over
normal hydrologic periods.

2 .Existing Banks PumNng Plant Capa~i~’
]Environ.mental Storage: Dry. Period Supply Operation
Agricultural and Urban Storage: Dry Period Supply Operation
This condition assumes that diversions to south of Delta storage are limited by
existing Banks Pumping Plant capacity and that both environmental storage and
agricultural and urban storage are operated to provide maximum supplies in
critically dry years.

3 .Existing Banks Pumping Plant Capacit3’
Environmental Storage: ]Normal Period Supply Operation
Agricultural and Urban Storage: Dry Period Supply Ooeration
This condition assumes that diversions to south of Delta storage are limited by
existing Banks Pumping Plant capacity, environmental storage is operated to
provide maximum supplies over normal hydrologic periods, and agricultural and
urban storage is operated to provide maximum supplies in critically dry years.

4 Existing Banks Pumping Plant Capacity_,
Environmental Storage: Dry_ Period Supply Operation
Agricultural and Urban Storage: Normal Period Supply Operation
This condition assumes that diversions to south of Delta storage are limited by
existing Banks Pumping Plant capacity, environmental storage is operated to
provide maximum supplies in critically dry years, and agricultural and urban
storage is operated to provide maximum supplies over normal hydrologic periods.
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Table SC-1 (Continued)
Bracketing Operational Conditions

Condition Description

5 Ext~anded Banks Pumping Plant Capacity.
Environmental Storage: Normal Period Supply Operation
Agricultural and Urban Storage: Normal Period Supply Operation
This condition assumes that diversions to south of Delta storage are supplemented
by an increased Banks Pumping Plant capacity as proposed in the Department of
Water Resources Interim South Delta Improvement Plan and that both
environmental storage and agricultural and urban storage are operated to provide
maximum supplies over normal hydrologic periods.

6 Expanded Banks Pumping Plant Capacity_
Environmen.ta! Storage: Dry. period Supply Operation
Agricultural and Urban Storage: Dry Period Supply Operation
This condition assumes that diversions to south of Delta storage are supplemented
by an increased Banks Pumping Plant capacity as proposed in the Department of
Water Resources Interim South Delta Improvement Plan and that both
environmental storage and agricultural and urban storage are operated to provide
maximum supplies in critically dry years.

7 Expanded Banks Pumping .Plant Caoaciw
Environmental Storage: Normal Period Supply Operation
Agricultural and Urban Storage: Dr3’ Period Supply Operation
This condition assumes that diversions to south of Delta storage are supplemented
by an increased Banks Pumping Plant capacity as proposed in the Department of
Water Resources Interim South Delta Improvement Plan, environmental storage
is operated to provide maximum supplies over normal hydrologic periods, and
agricultural and urban storage is operated to provide maximum supplies in
critically dry years.

8 Expanded Banks Pumpj.og Plant Capacit3’
Environmental Storage: Dry_ Period Supply Operation
Agricultura! and Urban Storage: Normal Period Supply Operation
This condition assumes that diversions to south of Delta storage are supplemented
by an increased Banks Pumping Plant capacity as proposed in the Department of
Water Resources Interim South Delta Improvement Plan, environmental storage
is operated to provide maximum supplies in critically dry years, and agricultural
and urban storage is operated to provide maximum supplies over normal
hydrologic periods.

/
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computation is significantly lower than and not comparable to total average annual Delta
outflow. For simplicity in this evaluation, this average of January through June Delta outflows
up to 12,000 cfs is termed Environmental Delta OuOqow.

As also described in previous evaluations, in these studies south of Delta SWP and CVP
demands are used as a surrogate for agricultural and urban water supply demands. In actual
practice, agricultural and urban water supply benefits from south of Delta storage might be
designated to a subset of SWP and CVP users, other south of Delta agricultural and urban users,
or upstream of Delta users through a water exchange program.

Five statistical measures of water supply benefits for either environmental purposes or
agricultural and urban purposes are included in this analysis, as described in Table SC-2. Water
supply benefits, as described by these five measures, were estimated for each of the eight sets of
operation conditions, over the ranges of maximum storage volumes and facilities allocation
factors. While this information should not be considered definitive, this evaluation illustrates the
potential for combined environmental - agricultural and urban water supply benefits from south
of Delta storage facilities and the effects of various operation conditions. The information
developed in this evaluation may be used to provide an initial refinement of the range of storage
volumes of potential south of Delta storage facilities which should be considered in future
studies.

Summary
This evaluation provides initial quantitative information on combined environmental -
agricultural and urban water supply benefits that might be provided by new south of Delta
storage facilities. Additional information on water quality benefits, interaction with other
potential new storage and conveyance facilities, costs of new storage facilities, and
environmental acceptability of new storage facilities must all be considered in a further
refinement of this evaluation. Potential water supply benefits under each of the eight operation
conditions were evaluated separately and described in the following section of this report. Some
general observations drawn from this study are summarized here.

1. Adding any new storage facilities has significant impacts on agricultural and urban water
supply benefits due to reductions in delivery of sv~rP Interruptible Supply water, Under
the terms of the Monterey Agreement, whenever project water is available for delivery to
SWP contractors that is not needed for fulfilling approved entitlement water deliveries or
for meeting SV~rP operational commitments, including storage goals for the current or
following years, SV~q9 contractors may take delivery of these water supplies in proportion
to their respective annual Table A entitlement. For the purposes of this evaluation,
deliver3.’ of SV~rP Interruptible Supply is given last priority in relation to delivery and
storage of environmental water, CVP contractual water, and SWP Table A entitlement
water. Adding new storage capacity -- for either environmental or agricultural and urban
water supply purposes -- will reduce the availability, of unallocated surplus Delta water
and thereby reduce the quantity" of SWaP Interruptible Supply deliveries. If the new
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Table SC-2
Statistical Measures

of
Environmental and Agricultural and Urban Water Supply Benefits

Measure Description

1 .71-Year Average Annual Environmental Delta Outflow and A_m’icuttural and
Urban Water Supply Benefits. Annual average over the historical hydrologic
sequence used in the model simulations.

2 !928-34 Critical Dry_ Period Average Annual Environmental Delta Outflow and
Agricultural and Urban Water Supply Benefits. Annual average over the seven ¯
year critical dr5, period.

3 Average Dry_ Year Enviror~rnental Delta Outflow and Agricultural and Urban
Water Suot~Iv Benefits. Annual average over the sixteen water years classified as
dry years within the 71-year hydrologic sequence.

4 Average Critically Dry_ Year Environmental Delta Outflow and Agricultural and
Urban Water Supply BenefitS. Annual average over the eleven water years
classified as critically dry years within the 71-year hydrologic sequence.

5 ..M. inimum Annual Environmental Delta Outflow and Agricultural and Urban
Water Supply Benefits. The minimum annual quantity that occurs over the 71-
3’ear hydrologic sequence.
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storage capacity is designated for agricultural and urban purposes, this interruptible
supply will be replaced by more reliable base contractual water supply deliveries. If the
new storage capacity is designated for environmental purposes, net decreases are seen in
total agricultural and urban water supply benefits.

This effect is pronounced under the expanded Banks Pumping Plant capacity condition,
due to the higher level of SWP Intermptible Supply deliveries that would occur without
new storage facilities. An example of this effect is seen in model runs with a 3.0 mat"
maximum storage capacity and Normal Period Supply Operation goals for both
environmental water supply and agricultural and urban water supply. Under these
conditions and the facilities allocation factor set at 0 percent, a net loss of 83 taf occurs in
71-Year Average Annual Agricultural and Urban Water Supply benefits. With the
facilities allocation factor raised to 25 percent, this loss is recovered and a net gain of
24 tar is attained in 71-Year Average Annual Agricultural and Urban Water Supply
benefits.

2. Potential benefits for both environmental water supply and agricultural and urban water
supply from south of Delta off-aqueduct storage are significantly enhanced with
expanded Banks Pumping Plant capacity under any combination of operational goals and
storage capacities. Consider as an example a 2.0 mafmaximum storage capacity facility,
a facilities allocation factor of 50 percent, and Normal Period Supply goals for both
environmental storage and agricultural and urban storage. Under these conditions and
with existing Banks Pumping Plant capacity, a net increase in 71-Year Average Annual
Environmental Delta Outflow of 78 tar and a net decrease in 71-Year Average Annual
Agricultural and Urban Water Supply of 13 tafoccur. Under the same maximum storage
capacity, facilities allocation factor, and operational goals, with expanded Banks
Pumping Plant capacity, net increases in 71-Year Average Annual Environmental Delta
Outflow of 156 taf and 71-Year Average Annual Agricultural and Urban Water Supply of
108 tar are attained. Similar improvements in benefits are attained with expanded Banks
Pumping Plant under other combinations of operational goals.capacity

3. With both environmental storage and agricultural and urban storage operated for Normal
Period Supply goals, cumulative benefits (as measured by 71-Year Average Annual
Environmental Delta Outflow and 71-Year Average Annual Agricultural and Urban
Water Supply) continue to increase as maximum storage capacity increases. Although
incremental benefits decrease towards the upper end of the range of maximum storage
capacities evaluated, under this type of operation there is no obvious limit to effective
storage capacity below 3.0 maf. For any given maximum storage capacity, relative
benefits to environmental water supply and agricultural and urban water supply are
roughly proportional to the facilities allocation factor. For example, with expanded
Banks Pumping Plant capacity and a 2.0 mar maximum storage capacity, as the facilities
allocation factor is increased through the range of 0, 25, 50, 75, and 100 percent. 71-Year
Average Annual Environmental Delta Outflow decreases through the range of 270, 218,
156, 84, and 0 taf and 7!-Year Average Annual Agricultural and Urban Water Supply
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increases through the range of-80, 29, 108, 188, and 270 tar. While caution should be
taken in directly comparing relative benefits to environmental water supply and
agricultural and urban water supply, it is clear that deliveries from storage to either type
of use increase in a fairly linear relationship with the share of storage dedicated to that
type of use.

As displayed in Figure SC-1, maximum combined benefits are attained with a maximum
storage capacity of 3.0 mar and a facilities allocation factor of 50 percent. Under these
conditions, a net increase to 71-Year Average Annual Environmental Delta Outflow of
174 taf and a net increase to 71-Year Average Annual Agricultural and Urban Water
Supply of 116 tar are achieved.

4. With both environmental storage and agricultural and urban storage operated for Dr3’
Period Supply goals, only minor combined benefits (as measured by Minimum Annual
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water
Supply) are possible with existing Banks Pumping Plant capacity. With expanded Banks
Pumping Plant capacity, combined benefits are more significant, but disproportionate to
maximum storage capacity and facilities allocation factor. The maximum potential
Minimum Annual Environmental Delta Outflow decreases dramatically as the facilities
allocation factor is increased from 25 to 50 percent. No benefits to Minimum Annual
Environmental Delta Outflow are achieved with a facilities allocation factor of
75 percent. Compared to Minimum Annual Environmental Delta Outflow, Minimum
Annual Agricultural and Urban Water Supply Benefits increase more linearly with
maximum storage capaciW. Incremental benefits increase throughout the range of
maximum storage capacities evaluated for facilities allocation factors of 25 through
100 percent. However, as with Minimum Annual Environmental Delta Outflow, benefits
decrease dramatically as the facilities allocation factor is decreased from 50 to 25 percent.

Under combined Dry Period Supply Operations, expanded Banks Pumping Plant
capacity, and a facilities allocation factor of 0 percent, Minimum Annual Environmental
Delta Outflow reaches a maximum with a maximum storage capacity of 1.0 maf. With
facilities allocation factors of 75 and 100 percent, Minimum Annual Agricultural and
Urban Water Supply Benefits reach a near-maximum with storage capacities of 1.5 and
2.0 mar, respectively. Increases in both Minimum Annual Environmental Delta Outflow
and Minimum Annual Agricultural and Urban Water Supply are achieved only with
facilities allocation factors of 25 and 50 percent. With these facilities allocation factors,
combined Minimum Annual benefits increase throughout the range of maximum storage
capacities evaluated. As shown in Figure SC-2, maximum combined benefits are attained
with a maximum storage capacity of 3.0 mafand facilities allocation factors of 25 or
50 percent. With a 25 percent facilities allocation factor, a net increase to Minimum
Annual Environmental Delta Outflow of 308 taf and a net increase to Minimum Annual
Agricultural and Urban Water Supply of 169 tar are achieved. With a 50 percent
facilities allocation factor, a net increase to Minimum Annual Environmental Delta
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Outflow of 77 tar and a net increase to Minimum Annual Agricultural and Urban Water
Supply of 397 taf are achieved.

5. With environmental storage operated for Normal Period Supply and agricultural and
urban storage operated for Dry Period Supply, only minor combined water supply
benefits are possible with existing Banks Pumping Plant capacity. With facilities
allocation factors of 25 through 75 percent, near-maximum combined benefits to 71-Year
Average Annual Environmental Delta Outflow and Minimum Annual Agricultur!l and
Urban Water Supply are attained with a maximum storage capacity of 1.0 mar. With
expanded Banks Pumping Plant capacity, combined benefits to 71-Year Average Annual
Environmental Delta Outflow and Minimum Annual Agricultural and Urban Water
Supply increase throughout the range of maximum storage capacities evaluated. As
displayed in Figure SC-3, with a maximum storage capacity of 3.0 mar and a facilities
allocation factor of 50 percent, a net increase to 71-Year Average Annual Environmental
Delta Outflow of 188 taf and a net increase to Minimum Annual Agricultural and Urban
Water Supply of 354 taf are attained.

6. With environmental storage operated for Dry Period Supply and agricultural and urban
storage operated for Normal Period Supply, no significant combined water supply
benefits are attained with existing Banks Pumping Plant capacity. With expanded Banks
Pumping Plant capacity, maximum increases to Minimum Annual Environmental Delta
Outflow are achieved with a maximum storage capacity of 1.25 maf for facilities
allocation factors of 25 and 50 percent. Benefits are reduced significantly as the facilities
allocation factor is increased from 25 to 50 percent. No increases to Minimum Annual
Environmental Delta Outflow are attained with a facilities allocation factor of 75 percent.
71-Year Average Annual Agricultural and Urban Water Supply increases throughout the
range of maximum storage capacities evaluated for facilities allocation factors of 25 to
75 percent. As shown in Figure SC-4, maximum combined benefits are attained with a
maximum storage capacity of 3.0 maf and a facilities allocation factor of 25 percent.
Under these conditions, a net increase to Minimum Annual Environmental Delta Outflow
of 289 taf and a net increase to 71-Year Average Annual Agricultural and Urban Water
Supply of 120 taf are achieved.
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Figure SC-1
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Figure SC-2

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
3500 cfs Conveyance Capacity

With Expanded Banks PP Capacity

Plot A. Minimum Annual
Environmental D~l~ Outflow

Plot B. Minimum Annual
Ag & Urban WaterSupp|y Senefits

Fac=ht~es hJIocat~on Factor
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Figure SC-3

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal PeriodWith3500 Supply Expanded cfs OperatiOn,conveyance BanksAg PP Capacity &Capacity Urban: Dry Period Supply Operation
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Figure SC-4
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Water Supply Benefits Versus Maximum Storage Volume and Facilities Allocation Factor
Model Runs
Maximum storage volumes ranging from 100 tar to 3.0 mar and facilities allocation factors
ranging from 0 to 100 percent were varied in a set of model runs that simulated the eight
bracketing operation conditions described previously. The model input parameter sets associated
with each of the operation conditions were developed in previous sensitivity analyses for
separate environmental water supply operations and agricultural and urban water supply
operations for south of Delta off-stream storage facilities. The parameter sets for each of the
eight bracketing operation conditions are described in Table SC-3. The model runs completed
for each operation condition, maximum storage capacity, and facilities allocation factor are
described in Table SC-4. Summary results in terms of total water supplies are displayed in
Tables SC-5 through SC-12. Summary results describing net increases to water supplies are
displayed in Tables SC-13 through SC-20. For comparability, environmental water supply
results are measured using the Environmental Delta Outflow criteria (average of January through
June monthly Delta outflows up to 12,000 cfs) described previously. Agricultural and urban
water supply benefits are measured in terms of deliveries to combined south of Delta SWP and
CVP contractors.

Evaluation
Tables SC-5 through SC-12 display the five statistical measures of total Environmental Delta
Outflow and agricultural and urban water supplies achieved over the range of maximum storage
volumes and facilities allocation factors studied for each of the eight bracketing operation
conditions. Tables SC-13 through SC-20 display net increases in Environmental Delta Outflow
and agricultural and urban water supplies for the same range of maximum storage volumes,
facilities allocation factors, and operation conditions.

Figures SC-5 through SC-12 represent water supply benefits under each of the eight operation
conditions. Each figure includes six plots (Plots A through F) which display 71-year annual
average, critical year annual average, and minimum annual statistical measures of both
Enviromnental Delta Outflow and agricultural and urban water supply benefits versus maximum
storage volumes. Each plot contains lines representing benefits under facilities allocation factors
of 0, 25, 50, 75, and 100 percent. Evaluations for the eight operation conditions are described
below.

Operation Condition 1
Existing Banks" Pumping Plant Conditions
Environmental Water Supply Goal." Norma! Period Water Supply Operations
Agricultural and Urban Water Supply GoaL Normal Period Water Supply Operations

Tables SC-5 and SC-13 and Figure SC-5 display results for the existing Banks Pumping Plant
condition with Normal Period Supply Operations for both environmental and urban and
agricultural water supply. As shown in Figure SC-5 Plots A and B, 71-Year Average Annual
Benefits vary inversely between environmental and agricultural and urban purposes as the

D--006701
D-006701



Preliminary Draft .- May 12, 1997 Page SC-15

facilities allocation facilities allocation factor is adjusted between 0 and 100 percent. As
evidenced by the fairly uniform spacing between the lines representing different facilities
allocation factors in both plots, benefits are shifted in an approximately linear relationship with
the facilities allocation factor. The majority of combined benefits under all facilities allocation
factors are attained with a maximum storage capacity of 1.0 maf, with diminishing incremental
benefits for maximum storage capacities between 1.0 and 3.0 maf. At 1.0 mafmaximum storage
capacity, net increase in 71-Year Average Annual Environmental Delta Outflow ranges between
136 and 0 taf and net increase in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits range between -88 and 57 tar with facilities allocation factors varied between 0 and
100 percent. At 3.0 maf maximum storage capacity, net increase in 71-Year Average Annual
Environmental Delta Outflow ranges between 156 and 0 tar and net increase in 71-Year Average
Annual Agricultural and Urban Water Supply Benefits range between -97 and 66 tafwith
facilities allocation factors varying from 0 to 100 percent.

As illustrated in Figure SC-5 Plot B, a net loss in 71-Year Average Annual Agricultural and
Urban Water Supply Benefits occur with facilities allocation factors of 0 to 50 percent. This
occurs primarily due to a decrease in SWP Interruptible Supply deliveries. As environmental
water supply operations increase in magnitude and increasing amounts of surplus Delta water are

storage, oppommities delivery Interruptible Supply areshifted into environmental for ofSWP
diminished. Note that in this evaluation, delivery of SWP Interruptible Supply is given last
priority in relation to delivery and storage of environmental water, CVP contractual water, and
SWP Table A entitlement water.

As expected under these Normal Period Supply Operations, no appreciable effects are seen in
Critical Year Average Annual or Minimum Annual grater Supply Benefits. As illustrated in
Figure SC-5 Plots C through F, neither the facilities allocation factor or maximum storage
capacity significantly affect either environmental or agricultural and urban water supply benefits.
At 3.0 maf maximum storage capacity, net increase in Critical Year Average Annual
Environmental Delta Outflow ranges between 0 and 37 taf while net increase in Critical Year
Average Annual Agricultural and.Urban Water Supply Benefits remain fixed at -37 taf with
facilities allocation factors varied from 0 to 100 percent. Minimum Annual Environmental Delta
Outflow and Agricultural and Urban Water Supply Benefits are unaffected throughout the ranges
of maximum storage capacity and facilities allocation factors examined.

Condition 2Operation
Existing Banks Pumping Plant Conditions
Environmental Water Supply Goal." Dry Period Water Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Water Supply Operations

Tables SC-6 and SC-14 and Figure SC-6 display results for the existing Banks Pumping Plant
condition with Dry. Period Supply Operations for both environmental and urban and agricultural
water suppl.v. As shown in Figure SC-6 Plots E and F, Minimum Annual Benefits var~." inversely
between environmental and agricultural and urban purposes as the facilities allocation factor is
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adjusted between 0 and 100 percent. Maximum environmental benefits, as measured by
Minimum Annual Environmental Delta Outflow, are attained with a maximum storage capacity
of 500 taf for all facilities allocation factors. Maximum agricultural and urban water supply
benefits are obtained with varying maximum storage capacities, depending on the magnitude of
the facilities allocation factor. With maximum storage volumes ranging between 500 taf and
3.0 mar, Minimum Annual Environmental Delta Outflow ranges between 104 and 0 taf with
facilities allocation factors varied between 0 and 100 percent. A near-maximum Minimum
Annual Agricultural and Urban Water Supply Benefit of 248 tafis attained with a maximum
storage capacity of 1,500 tar and facilities allocation factor of 100 percent.

As illustrated in Figure SC-6 Plot F, with facilities allocation factors ranging from 25 to
75 percent, net increases in Minimum Annual Agricultural and Urban Water Supply Benefits
ranging from about 120 to 135 tafare attained with maximum storage capacities varying from
1.0 to 2.5 maf. With facilities allocation factors of 25, 50, and 75 percent, net increases in
Minimum Annual Agricultural and Urban Water Supply Benefits begin to diminish with
increasing maximum storage capacities beyond 2.5, 1.5, and 1.25 mar, respectively. This
reduction occurs in cases when environmental storage is constrained by available storage
capacity, but agricultural and urban storage is not constrained by available storage capacity. In
these instances, increasing the available storage space for environmental water reduces the Delta
surplus and inflow/outflow conveyance capacity available for storage of agricultural and urban
water, resulting in reduced amounts of agricultural and urban water in storage during extended
dry periods. Under this operation condition, increasing maximum storage beyond certain levels
does not increase environmental benefits as measured by Minimum Annual Environmental Delta
Outflow, but decreases agricultural and urban benefits as measured by Minimum Annual
Agricultural and Urban Water Supply. In these cases, both environmental storage capacity, and
agricultural and urban storage capacity are underutilized.

As expected under these Dry Period Supply Operations, no appreciable effects are seen in
71-Year Average Annual Environmental Delta Outflow. However, more substantial effects are
seen in 71-Year Average Annual Agricultural and Urban Water Supply Benefits. As illustrated
in Figure SC-6 Plot A, with 3.0 maf maximum storage capacity, net increases to 71-Year
Average Annual Environmental Delta Outflow range from 49 to 0 taf as the facilities allocation
factor is varied between 0 and 100 percent. As shox~n in Figure SC-6 Plot B, with 3.0 mar
maximum storage capacity, net increases to 71-Year Average Annual Agricultural and Urban
Water Supply range from -83 to 63 tafas the facilities allocation factor is varied between 0 and
100 percent -- a much larger range of variance. As described earlier, much of this effect is due to
impacts to SWP Interruptible Supply Deliveries, the last priority water supply delivery in this
evaluation.
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Operation Condition 3
Existing Banks Pumping Plant Conditions
Environmental Water Supply Goal: Normal Period Water Supply Operations
Agricultural and Urban Water Supply Goal: Dry Period Water Supply Operations

Tables SC-7 and SC-15 and Figure SC-7 display results for the existing Banks Pumping Plant
condition with Normal Period Supply Operations for environmental water supply and Dry Period
Supply Operations for agricultural and urban water supply. As shown in Figure SC-7 Plots A
and B, 7 I-Year Average Annual Benefits vary inversely between environmental and agricultural
and urban purposes as the facilities allocation factor is adjusted between 0 and 100 percent. As
evidenced by the fairly uniform spacing between the lines representing different facilities
allocation factors in both plots, 71-Year Average Annual Benefits are shifted in an approximately
linear relationship with the facilities allocation factor. The majority of combined 71-Year
Average Annual Benefits under all facilities allocation factors are attained with a maximum
storage capacity of 1.0 maf, with diminishing incremental benefits for maximum storage
capacities between 1.0 and 3.0 mar. At 1.0 mafmaximum storage capacity, net increase in
71-Year Average Annual Environmental Delta Outflow ranges between 153 and 0 taf and net
increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits range
between -108 and 31 taf with facilities allocation factors varied between 0 and 100 percent. At
3.0 mafmaximum storage capacity, net increase in 71-Year Average Annual Environmental
Delta Outflow ranges between 182 and 0 tafand net increase in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits range between -127 and 47 tar with facilities
allocation factors varying from 0 to 100 percent. As expected, these ranges are shifted towards
environmental water supply in comparison to Operation Condition 1, which included Normal
Period Supply operations for both environmental water supply and agricultural and urban water
supply. As described earlier, much of the effect on 71-Year Average Annual Agricultural and
Urban Water Supply is due to impacts to SWP Interruptible Supply Deliveries, the last priority’
water supply delivery in this evaluation.

As illustrated in SC-7 Plot effects in Minimum Annual EnvironmentalFigure E,no areseen
Delta Outflow over the range of maximum storage capacities and facilities allocation factors
examined. As shown in Figure SC-7 Plot F, a near maximum increase in net benefits to
Minimum Annual Agricultural and Urban Water Supply Benefits of 245 taf is attained with
1.5 maf maximum storage capacity and a 100 percent facilities allocation factor. With facilities
allocation factors of 75 and 50 percent, near maximum increases in net benefits to Minimum
Annual Agricultural and Urban Water Supply Benefits of 94 and 49 tafare attained with 750 taf
maximum storage capacity. Insignificant effects in Minimum Annual Agricultural and Urban
Water Supply are seen with facilities allocation factors of 25 and 0 percent. As illustrated in
Figure SC-7 Plots C and D, only minor effects are seen in Critical Year Average Annual Water
Supply Benefits throughout the range of maximum storage capacities and facilities allocation
factors examined.
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Operation Condition 4
Existing, Banks Pumping Plant Conditions
Environmental Water Supply Goal: Dry Period Water Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Water Supply Operations

Tables SC-8 and SC-16 and Figure SC-8 display results for the existing Banks Pumping Plant
condition with Dry Period Supply Operations for environmental water supply and Normal Period
Supply Operations for agricultural and urban water supply. As shown in Figure SC-8 Plots A
and B, the majority of combined 71-Year Average Annual Benefits under all facilities allocation
factors are attained with a maximum storage capacity of 1.0 maf, with diminishing incremental
benefits for maximum storage capacities between 1.0 and 3.0 maf. At 1.0 mafmaximum storage
capacity, net increase in 71-Year Average Annual Environmental Delta Outflow ranges between
45 and 0 taf and net increase in 71-Year Average Annual Agricultural and Urban Water Supply
Benefits range between -40 and 72 taf with facilities allocation factors varied between 0 and
100 percent. At 3.0 maf maximum storage capacity, net increase in 71-Year Average Annual
Environmental Delta Outflow ranges between 47 and 0 taf and net increase in 71-Year Average "
Annual Agricultural and Urban Water Supply Benefits range between -62 and 82 tar with
facilities allocation factors varying from 0 to 1 O0 percent. As expected, these ranges are shifted
towards agricultural and urban water supply in comparison to Operation Condition 1, which
included Normal Period Supply operations for both environmental water supply and agricultural
and urban water supply. As described earlier, much of the effect on 71-Year Average Annual
Agricultural and Urban Water Supply Benefits is due to impacts to SWP Interruptible Supply
Deliveries, the last priority water supply deliver3, in this evaluation.

As illustrated in Figure SC-8 Plot F, no effects are seen in Minimum Annual Agricultural and
Urban Water Supply Benefits over the range of maximum storage capacities and facilities
allocation factors examined. As shown in Figure SC-8 Plot E, a maximum increase in net benefit
to Minimum Annual Environmental Delta Outflow of 50 taf is attained with 500 tar maximum
storage capacity and 100 percent facilities allocation factor. With a facilities allocation factor of
25 percent, maximum increases in net benefits to Minimum Annual Environmental Delta
Outflow of 26 taf are attained with 500 taf maximum storage capacity. Insignificant effects in
Minimum Annual Environmental Delta Outflow are seen with facilities allocation factors of
50 through 100 percent. As illustrated in Figure SC-8 Plot D, no effects are seen in Critical Year
Average Annual Agricultural and Urban Water Supply Benefits over the range of maximum
storage capacities and facilities allocation factors examined. As shown in Figure SC-8 Plot C,
net increases to Critical Year Average Annual Environmental Delta Outflow range from 109 to
0 taf for a maximum storage capacity of 3.0 mafas the facilities allocation factor is varied from
0 to 100 percent. A large share of the maximum benefits, a 70 taf increase in Critical Year
Average Annual Environmental Delta Outflow, is attained with a maximum storage capacity of
1.5 maf and a facilities allocation factor of 50 percent.
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Operation Condition 5
Expanded Banks Pumping Plant Conditions
Environmental Water Supply Goal: Normal Period Water Supply Operations
Agricultural and Urban Water Supply Goal: Normal Period Water Supply Operations

Tables SC-9 and SC-17 and Figure SC-9 display results for the expanded Banks Pumping Plant
condition with Normal Period Supply Operations for both environmental and urban and
agricultural water supply. As shown in Figure SC-9 Plots A and B, 71-Year Average Annual
Benefits vary inversely between environmental and agricultural and urban purposes as the
facilities allocation factor is adjusted between 0 and I00 percent. As evidenced by the fairly
uniform spacing between the lines representing different facilities allocation factors in both plots,
benefits are shifted in an approximately linear relationship with the facilities allocation factor.
The majority of combined benefits under all facilities allocation factors are attained with a
maximum storage capacity of 1.0 maf, with diminish, ing incremental benefits for maximum
storage capacities between 1.0 and 3.0 maf. This pattern of benefits is similar to the pattem seen
under Operation Condition 1 which included the assumption of existing Banks Pumping Plant
capacity, but with amplified variance in benefits as maximum storage capacity and facilities
allocation factor are varied.

At 1.0 maf maximum storage capacity, net increase in 71-Year Average Annual Environmental
Delta Outflow between 218 and 0 tafand net increase in 71-Year Average Annualranges
Agricultural and Urban Water Supply Benefits range between -64 and 218 taf with facilities
allocation factors varied between 0 and 100 percent. At 3.0 mafmaximum storage capacity, net
increase in 71-year Average Annual Environmental Delta Outflow ranges between 307 and 0 taf
and net increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits
range between -83 and 292 tafwith facilities allocation factors varying from 0 to 100 percent.

As illustrated in Figure SC-9 Plot B, a net loss in 71-Year Average Annual Agricultural and
Urban Water Supply Benefits occur with the facilities allocation factor set at 0 percent. As
described earlier, this occurs primarily due to a decrease in SWP Interruptible Supply deliveries.
As environmental water supply operations increase in magnitude and increasing amounts of
surplus Delta water are shifted into environmental storage, oppommities for delivery of SWP
Interruptible Supply are diminished. Positive (although minimal) net benefits are seen in
71-Year Average Annual Agricultural and Urban Water Supply Benefits with the facilities
allocation factor set at 25 percent. Under Operation Condition 1 (existing Banks Pumping Plant
capacity), positive net benefits in 71-Year Average Annual Agricultural and Urban Water Supply
are not produced until the facilities allocation factor is increased to 75 percent.

As expected under these Normal Period Supply Operations, no affects are seen in Minimum
Annual Water Supply Benefits. As illustrated in Figure SC-9 Plots E and F, neither the facilities
allocation factor or maximum storage capacity affect either environmental or agricultural and
urban water supply benefits. More significant incidental effects are seen in Critical Year
Average Annual Water Supply benefits. At 3.0 mafmaximum storage capacity, net increase in
Critical Year Average Annual Environmental Delta Outflow ranges from 332 to 0 taf while net
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increase in Critical Year Average Annual Agricultural and Urban Water Supply Benefits range
from -13 to 116 tafwith facilities allocation factors varied from 0 to 100 percent. Significant
effects are seen in Critical Year Average Annual Environmental Delta Outflow for facilities
allocation factors up to 50 percent, while effects on Critical Year Average Annual Agricultural
and Urban Water Supply Benefits are relatively insignificant for facilities allocation factors
below 100 percent.

Operation Condition 6
Expanded Banks Pumping Plant Conditions
Environmental Water Supply Goal." Dry Period Water Supply Operations
Agricultural and Urban grater Supply Goal." Dry Period g:ater Supply Operations

Tables SC-10 and SC-18 and Figure SC-10 display results for the expanded Banks Pumping
Plant condition with Dry Period Supply Operations for both environmental and urban and
agricultural water supply. As shown in Figure SC-10 Plots E and F, Minimum Annual Benefits
vary inversely between environmental and agricultural and urban purposes as the facilities
allocation factor is adjusted between 0 and 100 percent. Maximum environmental benefits, as
measured by Minimum Annual Environmental Delta Outflow, are attained with maximum
storage capacities of 1.0 to 1.25 maf for facilities allocation factors of 0 to 50 percent. Minimum
Annual Environmental Delta Outflow is unaffected with facilities allocation factors of 75 and
100 percent. Maximum agricultural and urban water supply, as measured by Minimum Annual
Agricultural and Urban Water Supply Benefits, increases throughout the range of maximum
storage capacities examined. Incremental increases in benefits decrease significantly beyond
maximum storage capacities of 1.5 and 2.0 mar for facilities allocation factors of 75 and
100 percent, respectively. Minimum Annual Agricultural and Urban Water Supply Benefits
increase fairly linearly throughout the range of maximum storage capacities for facilities
allocation factors of 25 and 50 percent. Minimum Annual Agricultural and Urban Water Supply
Benefits are unaffected with a facilities allocation factor of 0 percent. This pattern of benefits is
similar to the pattern seen under Operation Condition 2, which included the assumption of
existing Banks Pumping Plant capacity, but with amplified variance in benefits as maximum
storage capacity and facilities allocation factor are varied.

As illustrated in Figure SC-10 Plot E, a maximum net increase to Minimum Annual
Environmental Delta Outflow of 410 taf is attained with a maximum storage capacity of 1.0 maf
and a facilities allocation factor of 0 percent. Benefits are reduced in rough proportion to allotted
storage capacity when the facilities allocation factor is increased to 25 percent; a maximum
storage capacity of 1.25 maf results in a net increase to Minimum Annual Environmental Delta
Outflow of 308 tar. When the facilities allocation factor is increased to 50 percent, net increase
to Minimum Annual Environmental Delta Outflow is significantly reduced. Under this
condition, a maximum net increase to Minimum Annual Environmental Delta Outflow of 77 taf
is attained with a maximum storage capacity of 1.25 maf.
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As shown in Figure SC-10 Plot F, significant net increases in Minimum Annual Agricultural and
Urban Water Supply Benefits of 397 to 479 tar are attained with a maximum storage capacity of
3.0 mafand facilities allocation factors ranging from 50 .to 100 percent. Significant reduction in
benefits occur as the facilities allocation factor is reduced to 25 percent; net increases in
Minimum Annual Agricultural and Urban Water Supply Benefits are reduced to 169 tar with a
maximum storage capacity of 3.0 mar. With a maximum storage capacity of 2.0 mar, net
increases in Minimum Annual Agricultural and Urban Water Supply Benefits are roughly
proportional to allotted storage capacity, with net increases in Minimum Annual Agricultural and
Urban Water Supply Benefits of 107, 226, 394, and 423 tar attained with facilities allocation
factors of 25, 50, 75, and 100 percent.

As shown in Figure SC-10 Plots C and D, Critical Year Average Annual Water Supply Benefits
are relatively proportional to allotted storage capacity. Net increases in Critical Year Average
Annual Environmental Delta Outflow reach maximums of 259 and 236 tag with maximum
storage capacities of 1,500 and 2,000 taf for facilities allocation factors of 0 and 25 percent. Net
increases to Critical Year Average Annual Environmental Delta Outflow continue to increase
throughout the range of storage capacities examined for facilities allocation factors of 50 and
75 percent. No affect on Critical Year Average Annual Environmental Delta Outflow is seen
with a facilities allocation factor of 100 percent. Net increases in Critical Year Average Annual
Agricultural and Urban Water Supply Benefits vat3" in a roughly linear relationship with allotted
storage capacity throughout the range of storage capacities and facilities allocation factors
examined. Net increases in Critical Year Average Annual Agricultural and Urban Water Supply
of 11 to 363 taf are attained with a maximum storage capacity of 3.0 mafas the facilities
allocation factor is varied from 0 to 100 percent.

As expected under these Dry Period Supply Operations, only minor effects are seen in 71-Year
Annual Environmental Delta Outflow. substantial effects inAverage However,more areseen

71-Year Average Annual Agricultural and Urban Water Supply Benefits. As illustrated in Figure
SC- 10 Plot A, with 3.0 maf maximum storage capacity, net increases to 71-Year Average Annual
Environmental Delta Outflow range from 93 to 0 taf as the facilities allocation factor is varied
between 0 and 100 percent. As shown in Figure SC-10 Plot B, with 3.0 mafmaximum storage
capacity, net increases to 71-Year Average Annual Agricultural and Urban Water Supply range
from -85 to 202 tafas the facilities allocation factor is varied between 0 and 100 percent -- a
much larger range of variance. As described earlier, much of this effect is due to impacts to
SWP Intermptible Supply Deliveries, the last priority water supply delivery in this evaluation.

Operation Condition 7
Expanded Banks Pumping Plant Conditions
Environmental Water Supply Goal." Normal Period Water Supply Operations
Agricultural and Urban Water Supply Goal." Dry Period Water Supply Operations

Tables SC-I 1 and SC-19 and Figure SC-I 1 display, results, for the expanded Banks Pumping
Plant condition with Normal Period Supply Operations for environmental water supply and Dr)’
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Period Supply Operations for agricultural and urban water supply. As shown in Figure SC-10
Plots A and B, 71-Year Average Annual Benefits vary inversely between environmental and
agricultural and urban purposes as the facilities allocation factor is adjusted between 0 and
100 percent. As evidenced by the fairly uniform spacing between the lines representing different
facilities allocation factors in both plots, 71-Year Average Annual Benefits are shifted in an
approximately linear relationship with the facilities allocation factor. This pattern of benefits is
similar to the pattern seen under Operation Condition 3 which included the assumption of
existing Banks Pumping Plant capacity, but with amplified variance in benefits as maximum
storage capacity and facilities allocation factor are varied. The majority of combined 71-Year
AverageAnnual Benefits under all facilities allocation factors are attained with a maximum
storage capacity of 1.0 mar, with diminishing incremental benefits for maximum storage
capacities between 1.0 and 3.0 maf. At 1.0 maf maximum storage capacity, net increase in
71-Year Average Annual Environmental Delta Outflow ranges between 231 and 0 taf and net
increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits range
between -113 and 96 tafwith facilities allocation factors varied between 0 and 100 percent. At
3.0 maf maximum storage capacity, net increase in 71-Year Average Annual Environmental
Delta Outflow ranges between 322 and 0 taf and net increase in 71-Year Average Annual
Agricultural and Urban Water Supply Benefits range between -.132 and 179 taf with facilities
allocation factors varying from 0 to 100 percent. As expected, these ranges are shifted towards
environmental water supply in comparison to Operation Condition 5, which included Normal
Period Supply operations for agricultural and urban water supply. As described earlier, much of
the effect on 71-Year Average Annual Agricultural and Urban Water Supply is due to impacts to
SWP Intermptible Supply Deliveries, the last priority water supply delivery, in this evaluation.

As illustrated in Figure SC-11 Plot E, no effects are seen in Minimum Annual Environmental
Delta Outflow over the range of maximum storage capacities and facilities allocation factors
examined. As shown in Figure SC-11 Plot F, a near maximum net increase in minimum Annual
Agricultural and Urban Water Supply Benefits of 410 taf is attained with 1.75 mar maximum
storage capacity and 100 percent facilities allocation factor. With a facilities allocation factor of
75 percent, a near maximum net increase in Minimum Annual Agricultural and Urban Water
Supply Benefits of 410 taf is also attained with 2.5 maf maximum storage capacity. Increases to
net Minimum Annual Agricultural and Urban Water Supply Benefits are fairly linear with
increasing maximum storage capacity for facilities allocation factors of 50 and 25 percent, with
maximum net increases of 354 and 168 taf attained with a maximum storage capacity of
3,000 taf. No effects in Minimum Annual Agricultural and Urban Water Supply are seen with a
facilities allocation factor of 0 percent.

As illustrated in Figure SC-11 Plots C and D, both Critical Year Average Annual Environmental
Delta Outflow and Critical Year Average Annual Agricultural and Urban Water Supply Benefits
increase in a linear relationship with both facilities allocation factor and maximum storage
capacity. With a 3.0 maf maximum storage capacity, net increases in Critical Year Average
Annual Environmental Delta Outflow range from 365 to 0 tar and net increases in Critical Year
Average Annual Agricultural and Urban Water Supply Benefits range from -24 to 332 tafas the
facilities allocation factor is varied from 0 to 100 percent. With a maximum storage capacity of
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3.0 mar and a facilities allocation factor of 50 percent, benefits are fairly balanced, with a net
increase of 153 tar in Critical Year Average Annual Environmental Delta Outflow and a net
increase of 123 taf in Critical Year Average Annual Agricultural and Urban Water Supply.

Operation Condition 8
Expanded Banks Pumping Plant Conditions
Environmental Water Supply Goal." Dr), Period Water Supply Operations
Agricultural and Urban Water Supply Goal." Normal Period Water Supply Operations

Tables SC-12 and SC-20 and Figure SC-12 display results for the expanded Banks Pumping
Plant condition with Dry Period Supply Operations for environmental water supply and Normal
Period Supply Operations for agricultural and urban water supply. As shown in Figure SC-12
Plots A and B, the majority of combined 71-Year Average Annual Benefits under all facilities
allocation factors are attained with a maximum storage capacity of 1.0 mar, wqth diminishing
incremental benefits for maximum storage capacities between 1.0 and 3.0 maf. At 1.0 maf
maximum storage capacity, net increase in 71-Year Average Annual Environmental Delta
Outflow ranges between 85 and 0 tafand net increase in 71-Year Average Annual Agricultural
and Urban Water Supply Benefits range between -23 and 247 tar with facilities allocation factors
varied between 0 and 100 percent. At 3.0 maf maximum storage capacity, net increase in
71-Year Average Annual Environmental Delta Outflow ranges between 92 and 0 taf and net
increase in 71-Year Average Annual Agricultural and Urban Water Supply Benefits range
between -33 and 326 taf with facilities allocation factors varying from 0 to 100 percent. As
expected, ranges are significantly agricultural water supplythese shiftedtowards andurban in
comparison to Operation Condition 5, which included Normal Period Supply operations for
environmental water supply. As described earlier, much of the effect on 71-Year Average
Annual Agricultural and Urban Water Supply is due to impacts to SWP Interruptible Supply
Deliveries, the last priority water supply deliver’ in this evaluation.

As illustrated in Figure SC-12 Plot F, minimal effects are seen in Minimum Annum Agricultur!l
and Urban Water Supply Benefits with facilities allocation factors between 0 and 75 percent.
Significant benefits of 236 to 363 taf are attained with a facilities allocation factor of 100 percent
and maximum storage capacities of 2.5 and 3.0 maf. As shown in Figure SC-12 Plot E, a
maximum increase in net benefit to Minimum Annual Environmental Delta Outflow of 404 taf is
attained with 1.25 maf maximum storage capacity and a 100 percent facilities allocation factor.
With a facilities allocation factor of 25 percent, maximum increases in net benefits to Minimum
Annual Environmental Delta Outflow of 289 taf are attained with 1.25 maf maximum storage
capacity. Insignificant effects in Minimum Annual Environmental Delta Outflow are seen with
facilities allocation factors of 50 through 100 percent. As illustrated in Figure SC-12 Plot D,
moderate effects are seen in Critical Year Average Annua! Agricultural and Urban Water Supply
Benefits with facilities allocation factors of 50 percent and higher at the upper end of the
maximum storage capacity range. A maximum net increase in Critical Year Average Annual
Agricultural and Urban Water Supply Benefits of 192 taf is attained with a maximum storage
capacity of 3.0 maf and a facilities allocation factor of 100 percent. As shown in Figure SC-12
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Plot C, net increases to Critical Year Average Annual Environmental Delta Outflow range from
251 to 0 tar for a maximum storage capacity of 3.0 mafas the facilities allocation factor is varied
from 0 to 100 percent. A large share of the maximum benefits, a 167 tar increase in Critical Year
Average Annual Environmental Delta Outflow, is attained with a maximum storage capacity of
1.0 mar and a facilities allocation factor of 25 percent.
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Table SC-3

South of Delta Off-Aqueduct Storage
Selected Parameter Sets for Bracketing Operational Conditons

1. Existing Banks Pumping Plant Capacity 3,500 cfs Inflow/Outflow Capacity
Environmental Storage: Normal Period Supply Operation Existing Banks Pumping Plant Capacity
Ag & Urban Storage: Normal Period Supply Operation Env. Storage Carryover Factor = 0%

Unmet Demand Delivery Factor = 100%
Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage Carryover Factor = 0%
Unmet Demand Target = SWP & CVP

2. Existing Banks Pumping Plant Capacity 3,500 cfs InfiowlOutflow Capacity
Environmental Storage: Dry Period Supply Operation Existing Banks Pumping Plant Capacity
Ag & Urban Storage: Dry Period Supply Operation Env. Storage Carryover Factor = 50%

Unmet Demand Delivery Factor = 30%
Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage Carryover Factor = 50%
Unmet Demand Target = SWP

I 3. Existing Banks Pu nping Plant Capacity 3,500 cfs Inflow/Outflow Capacity
Environmental Storage: Normal Period Supply Operation Existing Banks Pumping Plant Capacity
Ag & Urban Storage: Dry Period Supply Operation Env. Storage Carryover Factor = 0%

Unmet Demand Delivery Factor = 100%
Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage Carryover Factor = 50%
Unmet Demand Target = SWP

4~ Existing Banks Pumping Plant Capacity 3,500 cfs Inflow/Outflow Capacity
Environmental Storage: Dry Pedod Supply Operation Existing Banks Pumping Plant Capacity

I Ag & Urban Storage: Normal Period Supply Operation Env. Storage Carryover Factor = 50%
Unmet Demand Delivery Factor = 30%
Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage Carryover Factor = 0%
Unmet Demand Target = SWP & CVP

SC=RVSM,XLS: Conditions Table 1
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Table SC-3 (Continued)
South of Delta Off-Aqueduct Storage

Selected Parameter Sets for Bracketing Operational Conditons

5. Expanded Banks Pumping Plant Capacity 3,500 cfs Inflow/Outflow Capacity
Environmental Storage: Normal Period Supply Operation Expanded Banks Pumping Plant Capacity
Ag & Urban Storage: Normal Period Supply Operation Env. Storage Carryover Factor = 0%

Unmet Demand Delivery Factor = 100%
Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage Carryover Factor = 0%
Unmet Demand Target = SWP & CVP

6. Expanded Banks Pumping Plant Capacity 3,500 cfs Inflow/Outflow Capacity
Environmental Storage: Dry Period Supply Operation Expanded Banks Pumping Plant Capacity
Ag & Urban Storage: Dry Period Supply Operation Env. Storage Carryover Factor = 0%

Unmet Demand Delivery Factor = 50%
Jan-Jun Outflow Demand’Target = 9,000 cfs
Ag & Urban Storage Carryover Factor = 50%
Unmet Demand Target = SWP

7. Expanded Banks Pumping Plant Capacity 3,500 cfs Inflow/Outflow Capacity
Environmental Storage: Normal Period Supply Operation Expanded Banks Pumping Plant Capacity
Ag & Urban Storage: Dry Period Supply Opera’don Env. Storage Carryover Factor = 0%

Unmet Demand Delivery Factor = 100%
Jan-Jun Outflow Demand Target = 15,000 cfs
Ag & Urban Storage Carryover Factor = 50%
Unmet Demand Target = SWP

8. Expanded Banks Pumping Plant Capacity 3,500 cfs Inflow/Outflow Capacity
Environmental Storage: Dry Period Supply Operation Expanded Banks Pumping Plant Capacity
Ag & Urban Storage: Normal Period Supply Operation Env. Storage Carryover Factor = 0%

Unmet Demand Delivery Factor = 50%
Jan-Jun Outflow Demand Target = 9,000 cfs
Ag & Urban Storage Carryover Factor = 0%
Unmet Demand Target = SWP & CVP

SC_RVSM.XLS: Conditions Table 2
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Table SC.,4

South of Delt~ Off.Aqueduct Storage
Mode| Run~ for Evaluation of Maximum Reservo|r Volume and Fac~l~e$ Affo~.~fJon Factor
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Table SC-5

South of Dell= Off-Aqueduct Sto~age
Total Combined Environmental and Ag & Urban
Water Supply Beneflt~ versus Storage Volume

Environmental’: Normal Peflod Supply Operation, Ag & Urban: Normal Period Supply Operation
3500 cf= Conveyance Capacity

With Existing Banks PP Capacity

!1

" : ~ ~: .~ ¯ ~*~*~: ......... ~ ~ ;.     ~"_.~ ~ "~ ~’     "     ~     ~
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11

Table SC~

South of Delta Off-Aqueduct Storage
Total Combined Environmental and Ag & Urban
Water Supply Benetlt~ vereu$ ~torage Volume

l

Environmental: Dry Period Supply Operation. Ag & U~ban: Dry Period Supply Operation
3500 cfs Conveyance Capacity

With Existing Banks PP Capacity

(Values in tho~a~d$ of

I..~ t =~..(9~ ~.~ .-~ ~. ~c~" 7~)~.: .=~.].. Ic~ ~ ~.’~ ~’-T-~c~] v~ t ~- I ~, i
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I
Table SC-7

|To~l C~bln~ Envlronmen~l and Ag & U~an
Water Supply Benefl~ va~us Stage Volume

Envlr~men~l: Nodal Pefl~ Supp~ Opera,on, Ag & U~an: DW Ped~ Supply Opera,on
3500 ~s C~veyance Capaci~

~ ~lsUng ~nks PP Capacl~

I

I

I

I
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Table SC-~

South of Delta Off-~,queduct Sto~aga
Total Combined Environmental and Ag & Urban
Water ~upply Benefit= versus Storage Volume

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Pedod Supply Operation
3500 oft Conveyance Capacity

With Existing Banks PP Capaclty
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Table SC-9

8outh of Delta Off.Aqueduct Storage
Total Combined Environmental and Ag & Urban
Water Supply Baneflt~ versus Storage Volume

Envlro~mantah Normal Period Supply Opa~ation, Ag & Urban: Normal Period Supply Operation
3500 of~ Conveyance Capacity

With Expanded Banks PP Capacity

(V~es in thousands of ac~- fe~)

I

I

D--006719
D-006719



Preliminary Draft .- May 12, 1997 Page SC-33

Table SC-10

South of Delta Off+Aqueduct Storage
Total Comb|ned Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
3500 cf~ Conveyance Capacity

With Expanded Banks PP Capacity
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Table SC-11

South of Delta Off.Aqueduct Storage
To~al Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Environmental: Normal Period Supply Operation, Ag & Urban= Dry Period Supply Operation
3500 cfs Conveyance Capacily

With Expanded Banks PP Capaclty

(Values in thousands of acre-feet)
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~ t Table SC-12

~1 South of Delt~ Off-Aqueduct Storage
Total Comblned Environmental and Ag & Urban

~ ( Water Supply Benefiti versus Sto~lge Volume
!

Env|ronmentat; Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
3500 cfl Conveyance Capacity

With Expanded Banks PP Capacity

(Values I~ d~ousands of acr~feel)
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lI

Table SC-16

South of Delta Off-Aqueduct Storage
Net Combined Environmental and Ag & Urban

I

Water Supply Benef}~ versus Storage Volume

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
3500 cfs Conveyance Capacity

With Existing Banks PP Capacity

(Values In thousands of acre-feet)

I
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Table SC-’I8

South of Delta Off-Aqueduct Storage
Net Combined Environmental and Ag & Urban
Water Supply Benefits versus Storage Volume

Envlronmentah Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
3500 cfs Conveyance Capacity

With Expanded Banks PP Capacity

(Values in thousands of acre-feet)
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Figure SC-5

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Normal Period Supply Operation
3500 cfs Conveyance Capacity

With Existing Banks PP Capacity

Plot A. 71.Year Average Annual Plot B. 71-Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

4,3oo                                                6,3oo

~°~’÷;;÷~ri~!~!~~÷~÷;!~;;~i~;:-~~~ ~i ........i .......i .......i .......
||

Plot C. Crittcal Year Average Annual Plot D Critical Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits I

2.50O I                  ~
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Plot E, Minimum Annual Plot F. Minimum Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

~,ooo. I T 3.o0o .................................. 7~-’--V

Maximum Storage Volume ~I’AF) Maximum Storage Volume ~AF}

Facilit=es A~loc~tion Factor:
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Figure SC-6

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
3500 cfs Conveyance Capacity

With Existing Banks PP Capacity

Plot A. 7t-Year Average Annual Plot B. 71-Year Average Annual

Plot C, Critic~l Year Avenge Annual Plot D. C~cal Year Avenge Annual
Environ~n~l ~1~ Outflow ~ & U~an Water Supp~ Benefi~

r

Plot E. Minimum ~nual Plot F. Minimum ~nual
Envlronmen~l Del~ Outflow Ag & U~an Water Supply Benefi~

Facilit=es ~l~t=on Factor:
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Figure SC-7 ~

South of Delta Off-Aqueduct Storage I
Combined Environmental -- Ag & Urban Water Supply Benefits T

Environmental: Normal Period Supply Operation, Ag & Urban: Dry Period Supply Operation
3500 cfs Conveyance Capacity

With Existing Banks PP Capacity

Plot A. ;’1-Year Average Annual Plot B. 71-Year Average Annual
Environmental Delta Outflow Ag & Urban Water Suppty Benefits

4.300 ..... I 6,300

Plot C, Critical Year Average Annual Plot D. Critical Year Average Annual
Environmental Delta Outflow Ag & Urban Watel" Supply Benefits

4--. i

~:~r

Plot E. Mintmum Annual Plot F. Minimum Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

Maximum Storage Volume (TAF) Maximum S~orag~ Volume (TAF}

Facilities Allocation Factor:
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Figure SC-8

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Period Supply Operation
3500 cfs Conveyance Capacity

With Existing Banks PP Capacity

PlotA. 71-Year Average Annual PIotB. 71-Year Average Annua!

POot C, Crftica! Year Aver=ge Annual Plot D, Cr[tlca! Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

"

Plot E, MinlmumAnnual Plot F. M[nimumAnnua!
Environmental Delta Outflow Ag & Urban Water Supply Benefits

~ zeoo i ~ ~,eoo. "
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Figure SC-9

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Normal Period Supply Operation
3500 cfs Conveyance Capacity

With Expanded Banks PP Capacity

Plot A. 71-Year Average Annual Ptot B. 71oYear Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

Plot C. Critical Year Average Annual Plot D. Critical Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

2,7O0 ~- 3,20O

~ximum Stora~ Yolume {TAF} M~ximum Storage Volum~

Plot E, Minimum Annua! Plot F, Minimum Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits
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~ 0% ...... 25% .... 50% ...... 75% ..... 100%
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Figure SC-10

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Dry Period Supply Operation
3500 cfs Conveyance Capacity

With Expanded Banks PP Capacity

Plot A, 71-Year Average Annual Plot B. 71-Year Average Annuel

Maximum Storage Volum~ ~’AF) Maximum Storag~ Volume ~’AF)

Plot C. Crltlcal Year Average Annual Plot D, Crff.icai Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits

3.500 I ~ 4.000.

Maximum Storage Volume ~TAF) Maximum Storage Volum~ (TAF)

Plot E. Minimum Annual Plot F. Mtnimum Annual
Environmental Delta Outflow Ag & Urban Water Supply Benefits
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Figure SC-11

South of Delta ~-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Normal Period Supply Operation, Ag & Urban: Dr~ Period Supply O~r~t~on
3500 cfs Conveyance Capacity

With Expanded Banks PP Capacity

Plot A. 71oYear Average Annual Plot B. 71-Year Average Annual ~ I
Environmental Delta Outflow Ag & Urban Water Supply Benefit~

I
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Plot C. Critical Year Average Annual Plot D. Critical Year Average Annual I ¯
Environmental Delta Outflow Ag & Urban Water Supply Benefits I I

Pldt E. Minimum Annual Plot F. Minimum Annual
Environmental Delta Ou~ow Ag & Urban Water Supply Benefits

Fac~hhes AIIocaIion Factor:
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Figure SC-12

South of Delta Off-Aqueduct Storage
Combined Environmental - Ag & Urban Water Supply Benefits

Environmental: Dry Period Supply Operation, Ag & Urban: Normal Pedod Supply Operation
3500 cfs Conveyanc~ Capacity

With Expanded Banks PP Capacity

Plot A. 71-Year Average Annual Plot B. 71-Year Average Annual
Environmental Delta Outflow Ag & Urban Water Supply Beneflta
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